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The Validator's Task

Each descriptien of an instructional episode has a lead

. paragraph glving a specific hehavioral objective or gcal.
The validator 1s asked to ju ge whetner or not the stated
behavioral goal is measured by the multiple cholce test
i1tem(s) attached to each éplsode descriptlon.

The proposed test ltems are designed, hopefully, to assess
the puplls' abllity to recognize, 1=call, and, in certain
cases, apply the facts, concepts and inferences which are
the objectives of the instruetion.

The validator should read the episode and 1ts proposed
test items; he should re-read the goal stated in behav-
toral terms in the episode, then he should decide Af each
test item that is proposed for an eplsode 1s a measure of
the stated goal{=) cf that eplsode. If a test ltem does
not appear to be a measure of the goal(s), please marx
that Ltem's ldentification number with arf "X"...do the
game for borderline decisions. If the validator has tice,
“ < would be greatly apprecleted if brief comments accom-
panted negative decisions. Please write such comments

on the test item sheet. Make no mark for 1tems that are

aantahla

ASSESSHENT OF TEST ITENS -AS MEASURENENTS
OP THE OBJECTIVES OF CERTAIN INSTRUCTICNAL EPISODES

4th Jury Valication

Background

fhere 1s a dearth of studles ann are dirccted towerd organ-

izing and evaluating feasible classroonm activitlies for
elementary children- which make use of a major conceptual

sclentific paradign 6r model. A conceptual rodel of sclence

that has nad monumental consequence 1s ti? Bohr-Rutherford
atomic model, or planetary atoz. It has been described as
one of the greatest intellectual achlevenents of all tipe
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because it resulted in classifying the, elements of thne Periodic

o3

Table on tie basis of electron structures. As.sucn, 1t deserves

a significant and meaningful place in elementary sclence
curricula. -

<a

The ‘Study ) .

A set of classroom instructional episodes which lead to and

include a simplified planetary atomic model has been produced.
Each episode has been lebeled as to instructiona. objectlve,

elther factumi-conceptual, or inferential. The labeled objlectlve

of—oad-cbleodehas been walidated by an expert jury. A pre
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generalization that links facts together in terms of
abstracted properties such _as color, position, number
(ordinal, cardinal), degree or type of change, etc. A
pupils®'s attainment will be measured by factual and/or
conceptual information embodied 1in the answers of multiple
cholce test questions. -

. The objective of an episode entitled INFERENTIAL or
FPACTUAL-CONCEPTUAL-INFERENTIAL

The objective of inferential instructlion is a change
in behevior which has as 1ts outcome the ablllty to
‘arrive at a decislon or tentative conclusion, or the
acceptance of a seemingly incontrovértible outcome based
upon a mental model without substantial physical evidence,
‘ . but from reasoning, partial evidence and relevant facts
(the exlistence of potentlal energy can ortly be inferred....
the proof of such occurs when the energy 'is released}. »
The objJective of factual-conceptual-inferéhtial instruction
is a change in behavior wnich has as 1its outcome the ?
. , ability to apply facts and concepts presented during the
episode in question and, in part, earller eplsodes to
make inferences about the nature of selected physical
phenomena. A pupil's attainment will be measured by
i his ability-to recognize a correct inference embodied
in multiple cholice test items; the test question may
describe a new or modified situation to which the pupl)
will apply the mos% likely inference.

Aosumed example of a FACTUAL-CONCEPTUAL activity wlthin
ar instructional eplsode: -

Basic facts about general atosmic structure are brought
together to bulld the concept of orderly atomic structure
of the elements. The instructor lectures-briefiy on the
form end structure of the basic plenetary atomic model,
starting with hydrogen. He uses the overhead projector

} or chalkboard to diagram the bulldup of several lignt

° elements, glving the rules for electron orbit compiement.
The pupils do likewlse; then they use a simple table of
atomic characteristics to draw planetary atomic repre-
gsentations of many of the first 20 elements.

Assumed example of a FACTUAL~CONCEPTUAL-INFERENTIAL or
INFERENTIAL activity within an instructional episode:

The assued example of a FACTUAL-CONCEPTUAL activiuvy 18
extended to include interpretation of a simplified version
of the Perlodic Table of the elements. The puplils are
then invited to make infercnoces about certaln character-~
%:tics of elements for whioh only blanks appear in the
‘Tavle. ’ '
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The Validator's Task

The validator should read each instructional eplsode and the
test question(s) following it. He should then decide if the
episcde's instructional objective, labeled’ eilther factual-
conceptual or inferential¥*, 1is measured ln the cognitive
gense described on pages 1 and 2 by the test 1tem(s).

Attainment on an episcde labeled inferential which is
measured by more than one test ltem nay include sone ltems
at a lower level of the cognitive hierarchy than the infer-
ential level. ' Thus it is possible that an episode labeled
inferential* may have attached to 1t one or more test items
at the factual-conceptual level in addition to one or more

at the inferential level.

For 'negative decisions a test item’s identification number

should be marked with an '"X". If time permits, a b:iéf note
ark

of explanation would be helpful, and appreciated.
*0.K." for acceptable items.
il

Additional laformation

-

-r>

Y T s L 4% e X R e Y T~ EFont AET AXETY



i -
e S
L .
.
“
5 APPENDIX A »
. EN Directions to the Jurors
, .
AY
1)
( :
. .
14
L}
. . .
1
.
-
M -
M e
.
- - - .
%‘7"_ +
.
.
;
{
, .
- 1
’ , 7 : .
.
) M r'd
.
L3 -
‘.
P . iy N " N . \__# R W TP " N !
,
- v )
?
\ .
J 4
! ¢
+ - . B
p . .
, .
1
* ¢
’ * 1 .
,
' &

AP2ENDIX B




[€)

ERIC

Aruitoxt provided by Eic:

eesIT FRITE WwasArtw s & I o sEmmEEmmEmEes/ErT T e S - - - - - - T - - - - = - =

ist Jury Validation
Background

There is a dearth of studies that are directed toward
organizing and evaluating appropriate classroom activities
for elementary children, which make use of a major con-
ceptual scientific paradigm or model. A conceptual model
of science that has had monumental consequence 1is the
Bohr-Rutherford atomic model, or planetary atom. Though
it has been supplanted in advanced scientific enterprises,
the planetary model is universally employed as an intro-
ductory instructional paradigm in atomie stucies. The
planetary atomic model led to the classification of all the
elements by their electron complemernt in the Perilodic
Table; this outcome has been described as one of the greatest
intellectual achievenmgnts of all time. As such it deserves
a significant and meaningful place in elementary science .
curricula.

The Study

The purpose of the present study is to evaluate the fol-

lowing general hypothesis; a major conceptual scheme of

science, the planetary atomic model, can be the basis of

instructional eplisodes for pupils of middle elementary

and pre-secondary classes. ’ ]

The instructional episodes have been compiled and modified
from a number of sources which 4riclude curricula handbooks,
commercial .sourcebooks, and even college textbooks. As a
Judge nf the suitability of the instructional episocdes you
are asxed to consider three aspects of each of them. Aspect
No. 1 is described on pages l-4. AspectsNo, 2 and No. 3

are described on page 4. | :

~ Aspect No. 1

Each episode is labeled with a title which indicates its

instructional objective(s), namely, FACTUAL and/or

CONCEPTUAL, or INFERENTIAL, or FACTUAL-CONCEPTUAL-

INFERENTIAL. The titles are described and assumed exam-

ples given below. . -

The aspect to consider: Does the irnstructional evisvde
£it the purpose implied bv its title in anv useful
operational sense for ovupils in coth middle elementary
and pre-seconcary classés?

The objective of an episode entitled FACTUAL:

The objective of factual instruction is a
change in behavior which has as 1ts outcome

~l-
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knowledge of an event or phenomenon, or assumption,
or principle. A pupil's attainment will be
measured by his ability to recognize correct
factual information embodied in the answers of
multiple choice test questions.

The objective of an episode entitled CONCEPTUAL:

The cbjective of conceptual instruction is a
change in behavior which has as its outcome the
internalizing of an 1dea or generalization that
links facts together in terms of abstracted
properties such as color, position, nurber
(ordinal, cardinal), degree or type of change,
etc. A pupil's attainment will be measured by
his ability to recognize correct conceptual
information embodied in the answers of multiple
choice test questions. .

The objective of an epilsode entitled INFERENTIAL:

The objective of inferential instruction is a
change in behavior which has as its outcorne
the ability to arrive at a cecision or tentative
conclusion, or the acceptance of a seeningly
incontrovertible outcome based upon a rental
model without substantial physical evidence,
but from reasoning, partial evidence and
relevant facts (the existence of potential
energy can only be inferred.... the proof of
such occurs when the energy is rcleased). A
pupil’s attainment will be measured by his
abillity to recognize a correct inference which
explains a physical event, embodied in the
answers of multiple cholce test questions.

The objective of an episode entitled PACTUAL-
CONCEPTUAL~INFERENTIAL:

The objective of factual-conceptual=-inferential
instruction is a change in behavior which has

as its outcome the ability to apply facts and
concepts presented during the episode in
guestion and, in part, earlier episodes to make
inferences about the nature of selected physical
phenoména. A pupil's attainment will be measured
by his ability to recognize a correct infereace

g

Item Analysis of Test
. 24

Revisinns of the measuvement instrument,. resulting from
analysis of the pilot class performanoe, are sumparlized

‘in Table No. 2, Appendix B.

‘n ecerta’n cases an item was retalned with revision,

even thotgh in the original form the 1ten discriminated
poorly between high and low® scorers and/or the difficuity '
inder was low or high. - Items thatv were revised or dropped
were done so as a result of interviews with high-scoring
chlldren and the teeacher.

A1l of pilot episode no. 14 was dropped because of dif-
ficulty expressed by pupils and teachner with the concepts
of electron energy levels to accoupnt for certain phenomena
associated with spectral color and x-rays. The most taslic
limiting factor appeared to be that the activities dla not,
provide enough preparation in the conservation principle.
In addition, oimple, direct demonstration materials were
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ADDITICNAL CRITZRIA AND INFCRNATICY RILEVANT TO ) ‘
ASSESSING THE EPISCDZS

1. - In your décisions, do not give major exphasls to
possible language prodbleds. Tne episcles accepted : .
from the present valldatlon process will be, subject
to furtper assessment and to the scrutiny and criti-
cism of the teachers who will present the actlvities
to their own classes. ’ . ¢

2. All episodes which are accepted will be taught to all
experixzental classes that cotprise tne two major, grade .
categories for the study, nenely, =iddle elementary 7
(grades 3 and 4) and pre-secondary (grades -5 and é).

© 3. An effort has been pade to choose episcdes and medify
them so Lhat pupil-teacher interaction is cazinized.
The most cozzon method of instruction for thre episoies
will be discussions wnich include lecture-ciscussioa,
demonstration-discussion, ané short laboratory-type

~activities followed oy discussion. Several eplscdes

have provision for reinforcezent activities. )

L, Several episodes carry thre sub-label entitled "tack=- v
ground”. Their purpose is to give the pupils prelim-
inary experiences in dealing with unseen factors or
entities. °

5. Several eplscdes-relate to findings or evidence trnat
postdate initial cevelopzent of the plaretary-atoxnlc
model. This in no way confourds the purposes of the .
activities as a whole because a rigorous plaretary : a3 -
atozic model 1s not beingz employed, nor is it linited J s . ”
to Xnowledge at a certain point in tize. For exanple, .- -
the neutron was "uncovered" ajnurber of years after the
zmajor-postulates relevant to ‘the planetary atomic
model were introduced.

.~ 6. Certain aspects® of the valldlity of each of 25 vroposed . S
‘ ‘ . ’classroox instructional episodes are in guestion. You
are asked to judge’the content and ‘purpose of the pro-
posed episode in respect to the several stated aspects®,
‘Your judgment and that of others will be cozpliled to
obtain an assessment for each episode. A sakple rating .
sheet is presented on vage no. 6. An individual rating
sheet is provided on the page following each episode.
Tne items on the rating sheet coincide with the stated fug,
aspects¥, . v

#described on pages l-l4, herein.
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APPENDIX C

Sequence of Instructional Episodes
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. EPISODE #1 2

INFERENTIAL (background)

This instructional episode is designed'to glve children
background experlence in accounting for certain physical
phenomena in terms of entitles that are not seen directly.

- At the ccopletion of this instructional episode the
pupil should be able to select correct statements relevant
to the inference that unseen small spaces exist in the
structure of certain substances.

P11l a small beaker with cotton and anotner beaker of
equal size with water. Cram as much cotton in as possible
without geoing over tne rim. Use a dropper to transfer the
Vs water into the beaker of cotton, and note that the water
and cotton eventually seem to occupy the same space. Ask ’
phe pupils what zay be takinz place among smallest bits of
cotton and sxallest bits of water. During the discussion,
the instructor should write the puplls' tentative hypotheses
on the chalkboard or overnhead projector, then asx the class
to evaluate each hypothesis. See sunmzary question no. 2
for the accepted hypothesis. Soze children nay ask if the .
process can be reversed, that 1s, place spall bits of cotton
into water until the cotton and water seem to occupy the
same space. The conclusion is valid both ways.

Summary Questions

1) At normal temperatures nearly all substances
{materials) can be grouped by their physical state,
solid, liquid, gas. Is cotton a solid o~ a liquid?
[Flexible solid7] Is water as used in _this instruc-
tional episode a solid or a liquid?, [Solids tend
to keep a shape, liqrids readily take the shape of
the bottom_of thelr contalners, gasses fill their
contalners. . -

2) Why do we think that the water fills in spaces
wlthin the cotton mass? E?he cotton can be re-
moved and nearly all of the water wrung from 1t3

3) If drawing A represents cot*on and drawing B

represents water, how would the results of the
demonstration be shown in drawing C?

A B [of
) Eewl )

4) How is a sponge able to hold large amounts of liquid?

New Vocabular

beaker represents
flexible substance
materials

. . , . , b — .
P o ‘ B ne . . o .. . -
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EPISODZ #2

INFERENTIAL (backsround)

This inst.uctlional eplsode is designed to gilye childéren -
background exverience in accountins for a chanse in specific
matter in terms of effects whlch are not seen directly.

At the completion of fhis instructional evlsoie the punil
should be able to select correct statements relevant to the
inference- that the substance involved 1s made up of tiny
invisiole entities or bits which are in rotion.

A

Pour some ammonia or perfume in a shallow dlsh. as«
puplls to indicate when they first notice the ojor as it
diffuses throuzgh the alr in the rooxz. 1Invite punlls to suzzest
an explanation for the spread of fumes (gax) across the rooz.

A reasongble assumption is that a little of tre sutstance
escapes (or ewaporates) into the air. This ldea can te tesbed
by exposing a scall quantity of rubblag alcohol to air until
it disappears, or let alcohol evaporate froz the arzs of the

- pupils. ’

The vuplls should be led into a discusslon atout the con-
ditions that appear to be necessary for the sensing of odors,
and for the evaporation of substances. Ask thex to hyooth-
esize which of these situations would most qulickly vermit tnez
to smell something:

A) The aiz in the room does not move.

8) The alr in the room moves, but the bits or
molecules* of the substance do not move.

C) The air moves and the bits or molecules of the
substance move.

(continued)

*The term molecule 1s defined more precisely in a later
instructional episode. For thls eplsode define molecule Aas
tiny invisible bits or "parts" of the substance. .

Q
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EPISODE #2 (second of two pages)
Summary Questions

1) If the first drawlng shows the substance 'sed in the
beginning of the demonstration, fill in the drawings
to show the amount of it after the time perlod
indicated. )

/-Openings into the Room
;""-,-«‘:}?-‘J l l l \ ,
original source S minutes 10 nunutes 1 day
of substance

2) Why does the source substance disappear? Where does
it go? ‘

3) wWhich-puplls (as to location) noticed the substance's
odor first? Would the results be much different 1if
these same puplils were originally at different
locations? Bow can we be sure?

4) why can we see the substance at lts source, but
cannot see the substance as 1t approaches us? [it
changes from a liquid wilth molecules close togetner,
to a gas with molecules far apart. It 1s inferred
that the molecules are very small, because we can't
see them as a gas]

New Vocabulary
- ~
alcohol )
anmonia
evaporate
fumes
molecule(s) . .

Q
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EPISODE #3

CONCEPTUAL - INFERENTIAL (background)

This instructional episode 1s‘desligned to give children
background experience in accounting for differential dispersals
of a substance in terms of heat assoclated with 1it.

At the completion of this instructional eplsode the pupil
should be able to select correct Statements relevant to the
inference that the substance involved becozes diffused and the
dispersal is dependent on temperature.

Set out three beakers of equal volume. In one beaker put
water at room temperature or at the temperature of the cold
water faucgt. In a second beaker place near-voiling water to
a level equal to tre water in the first beaker. In the third
beaker place two ice cubes and enough cold water to equal the
level in the other beakers. Use a dropper to place a few ,
drops of dye solution in’each of the beakers, or use a flat
wooden splint to put a few particles of powdered dye in each
beaker. Ask the pupils to explaln what is happen.ng in each
beaker. In the ensulng discussion, these hypotheses should
be accepted as tenable (1) the dye particles or blts of dye
are dispersed or diffused in water, (2) “he dispersal per
unit of time appears to be dependent on temperature.*

-

Be sure the pupils understand that the amount of the
dye (or dye soiutionsexcept for slight evaporation) 1s con-
served... that is, though it spreads out and looks larger,
it has done so at the expense of "thlckness.”

Summary Questions

1) "If the first drawing below represents dye solution
after 1 min..e at cold temperature draw a dilagram of
the dye solution later on when 1t warms to room
temperature; when it is made very hot.

-

‘ «then l -».en

Cold Room Very
Temp. Hot

{(continued)

#Pupils may inquire about the possibility of removing suf-
ficlent heat to reverse the dlssoclation of the dye in so-
lution... in other words to make 1t denser so that the voluze
decreases. This would require speclal apparatus which pro-

duces temperatures far below the capabllities of common coolants.
The volume could not be greatly reduced in any case because of
certain "forces" that exist between the particles of the material.
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EPISODE #3 (second of two pages)

2) (a) what makes the heated dye solution spread out
more rapidly than the cold one? ,

(b) Give some examples in everyday life in which
heated substances spread out more rapidly
than do cooler substances.

3) In an earlier activity the substance could not be
seen spreading toward us, byt we sensed it by its
odor. In the present activity we see the substance
spreading; does this show that the bits of dye are
in any way different than the bits used in Zpisode
No. 2?2 Explain. [The bits in Episode llo. 2 are —~
each probably smaller than the bits of dye, herein.] f}

New Vocabulary

Diffusion, Dispersion ‘ .
Dye R
Increase, Decrease .

&y
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EPISODE #4

PACTUAL - CONCEPTUAL - INFERZNTIAL (background)

- This instructional episode is deslgned to glve chlldren
background experience in accounting for changes in foros of
specific matter, in terms of heat assoclated with 1¢.

At the completion-of this instructional episode the
pupil should be able to select correct statements relevant
to the inference that small, not-easliy-seen blts or zole-
oules are kept apart by the heat energy assoclated with thez.

Pour some not water into a beaker. Flace an ice cube
on a curved glass dish called a watch glass, and cover the
beaker with the glass. Invite the puplls to answer these
questions.

1) Liquid is collecting (by condensing) on the lower
side of the watch glass. Where does 1t come frox?

2) Look at the area just above the water's surface
{higher up the molecules may lose enough energy to
come back together as vicible vapor before collecting
as liquid on the watch glass). Why can’t the zole-
cules be seen leaving the surface of the water?

3) On the cold glass, why do the molecules cling
together?

The idea to seek from the pupils is that the molecules
of water are individually much too sznil to e Seen. HOW-
ever, when the molecules strike the cold g£lass (why do threy
travel from tre water upwardé?) something raprens and tre
molecules collect near and on top of one anotrer so that
masses of them appear as a fogged portion or fllm on the
ass. Ask the pupils to explain the events observed.
-///~J Heat energy or work*, causes the water molecules to in-
crease their motion, until trey separate from one another...
some fly off into space. wWhen the "fliers” (at nignh energy)
strike the cool (low energy) glass they give up thelr heat
energy to.the glass and thelir energy of cotion is reduced; i}
this leads to a tendency** to collect togethera .

{(continued)

%*Energy is defined as the ability to do work. In a subsequent
’ instructional episode, the terms "¢nergy" and "work™ will bte
“ treated more definitively.

*%There is concomitant electrostatic attraction but this 1dea
should not be pursued here.

Q
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EPISODE #4 (second of two pages)

4) In the process of condensing, do the molecules
themselves get smaller, or do the molecules get
closer together? Eow can we be sure?

(Direct evidence is beyond our capabilitles.
However, it 1s inferred that the molecules remain
the same size but get closer together as they

lose the energy that has caused them to stay apart.
The inverse phenomena froz which this inference 1s

drawn is demonstrated in Episodes no 2 and no. 3.

Summary Questions

1) See questions 1-4 above.

2) Wrat is the general effect of heat on molecules
as compared to coolness, or loss of heat? LThe
energy of motion of xzolecules tends to increase
with an increase of heat energy; & loss of heat
energy tends to reduce the energy of motion.j

3) Describe several everyday events that can be

explained in terms of the instructional experiences
herein.

New Vocabulary

condense
decrease

energy

increase

tends, tendency

ERIC ,
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EPISODE #5

CONCEPTUAL -~ INPERENTIAL (background)

This instructional episode 1is designed to glve children
background experience in making and copmunicating hypotheses
and tests of hypotheses about physical attributes of unseen
objects.

At the completion of this instructional episode the pupil
should be able to select correct statecents referring to: (1)
the notions of length, volume, and density as applied to unseen
entities in making reasonable estizates about the propertles
of those entities, and (2) developzent and testing of mental
models of entities whose properties cannot be directly observed.

Activity A

The instructor employs objects of the shapes plctured,
then the class 1s asked to discuss answers to the Questlions

below:

Rectangular Cube  Sphere Disc Cylinder Prism Pyramid
(oblong) (square) (circular) (triangular)

-
1) Ask the pupils to identify the shwpes.

2) Which object(s) would be easlest to push or pull if
they all weighed the same? {The round ones]
Why? [Less rubbing]

3) Which object takes up the most volume or space? The
least? Use an overflow can as pictured below. The
object which makes the most water overflow has the
greatest volume. Nark the water level within the
beaker by stretching a rubber band around the beaker.
Use thin wire tongs to grip and hold down objects
that float. Though the wire tong takes up some voluze,
i1t 18 a constant that need not be considered in making
the relative measurements, herein. For each measurezent
be sure the trough is filled up to the level of the
spigot and is Jjust ready to commence dripping.

{oontinued)
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EPISODE #5 (second of four pages)

Object, Volume Unknown - ' N

Water
Querflow Can

4) If the objects were all made from the same Substance,
- which one woulg welgh the most? Why?

5) If the biggest object is not the  heavlest, vhat can
be inferred about the molecules or particles of which
1t is composed? [?ither lighter, or farther apart,
or both}]

Activity B

The processes involved in the following part of the
activity are analogous to those that sclentists use in dis-
covering the properties of unseea entities such as atoms and
their sub-particles.

In each of enough boxes (small cardboard, or cigar boxes) -
for each nupll there has been placed a common object (pencil,
metal strip, spool, wood block, etc.) and the box has.been
»permanently” sealed. These will be used for the "black box"
experiment in which the pupll 1is to use simple manipulations '
and then build menta) models of the box's contents to infer ’ .
what is inside. He can never open the box; there is-an 1im-
portant analogy here with tne conception of the atoms of which
Jhe world is made. They cannot be seen...all that can be done
18 to make mental approximations and models of their structure
and test these estimates and revise or extend the mental model
as experimental results conflrm, deny, or confound the model.
One of the most lmportant conclusions 1s that 1t can be inferred .
with great certainty what is most probably NCT in the box, and
thus some models can be rejected with great certainty; ob-
viously, there is not a real dog inside a box.

By appropriate manipulation, a pupil should be able to
estimate the approximate volume of the object (how much space

e
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EPISODE #5 (third of fcur pages)

1t takes up in comparison to the box), density* (weight/voluce),
and nence, composition of things that cannot be seen. Invite
pupils to estimate the density of the object in the box by
"copparing" it to the density of familiar objects. For exacple,
1s the object more dense, as dense, or less dense than a coin?,
a sponge? : v

Invite certain puplils to check each“other's estizates 1in
front of the class...one child describes nis estigate of voluze,
weight, shape, density on a plece of paper and hands 1t to the
teacher. Another child performs "model-thinking" anew witn the -
same box in front of the class. The teacher compares the two
*models” for the whole class.

The teacher should éék the pupils to name some entltles
that cannot readily be seen, but about which much 1s xnown.
[Electrlclty, atozs, molecules, magnetism, virus, certain i
dliseases, electrons, air-] Point out that the use of the - ’
senses, coupled with imagination are common to answer-seéxing
projects. . o

Sunmary Questions

Activity A. See Questions in Activity A.
Activity B.

1) (a) Give four general characteristics of the contents
of the box which can be estimated with reasonable
accuracy? (Shape, volume, weignt, density]

{(b) Can we be sure that a living thing is not in ,
the box? .

*To give the pupils more experience with the concept of density,
- 11l a plastic bag with one pound of loose paper and cdexonstrate
) that 1ts much greater volume 15 balanced by a one pound netal
object of much smaller volume. Ask the pupils to explain the
IS difference...accept answers that sugsest, (1) greater space
between the molecules or particles of paper as compared to thne
- ’ particles of metal, and (2) a difference in the ultinate
structure of the partlcles. Separately welgh the two objects
using a spring scale. Adjust the contents of the plastic bag
to welgh one pound. Use rubber bands around the closed neck
of the bag to hook the bag to the spring scale. To fasten the
metal object to the scale, wrap rubber bands tautly around
the object and attach to the socale hook.

Q
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EPISODE #5 (fourth of four pages)

(o) What can be sald about the contents of the box
with great certeinty? Glve examples.
(d) Can the contents of the unopened box ever be

ynown for certain without the use of speclal
instruments?

2) (a) Give some examples in which sclentists deal with
jnvisible things with confidence. E?ee examples,
given before.]

(b) Do pupils ever deal with javisible things with
oconfidence? How do they know what the results
will be if the object(s) can't be seen?

%

New Vocabulary

cube &
cylinder

density

disc

rectangle (rectangular)
prism

pyramid

sphere

square

triangle (triangular)
volume

oblanng
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EPISODE #6

PACTUAL - CONCEFTUAL - INFERENTIAL (tackground)

This instructional episode is designed to lmpart to
¢hildren tackground erxperlence about the principle ot wor«
and energy transforzations to account for a wilde range of )
phrateal events, !

At the comnrletion of this instructional eplisode the pupil
should be able to select correct statezents and/or dlegrans
that relate to: (1) interpretation of the concepts of energ;
and work, and ‘2) the inference that energy trainsforzaticnc
resull frox wa,s~. . .

Palr the pupils. One pipll in the palr repeatedly bends
8 plece of lichi-uelght coat hanger wire. It 1s flexed with
great rapiuity uatil 1t treaxs. As the wire is flexed the
otier pupll placss a finger upon the flexing point to sense
the lncrearing hw»at preduced. Invite them to explain the
source ¢of heat. If the puplls use the word "friction", ask
thes to explalm, friction of what, with what? The problen
may become clearer i the puplls, after bencding theilr ulres,
wave fhez vigorcusly through the alr in an tempt to p.o- §$
duce aprreciable heat. Cf ccurse, the alr -ovides very
1ittle fricticnal resistance. Tnhe purpose here is to glve
puplls expnsience in inferring trat spall invisible bilts
{the ¢ = =olecule can be substisuted here 1n a sotexhat
leso-than-rigorous senre) of the ulre are being mcved aad
separated by an external force. MNolecules of the wire are
ooupled tlzntly tosether (how they are coupled is beyond
the scope of our studles; and soxe of the work done to weaken
or loosen tre couplings shows up as heat. Heat is a form
of energy; naze other forzs such as electrical energy, energy
of motlion, ligit energy. Soze of the pupllst body chemical
energy allowed thes to make movements that were ultipately
transforcmel to heat energy in the wire.

Tell the puplls that work (contrast it to common
seanings) An sclence 1s the measure of energy. For our
purpores, the words work and energy can usually be inter-
changed., Work 1s defined r : acting through a distance,
or which praduces covezent. £ “.rce 1s manifested as a push
or pull, A sultle but lmportan. concept differentlates a
force which produces movement from a force that 1s incapable
of itszelf in prolucing movement. OCnly the former produces
war¥k or energy. Line latter zay produce only pressure. How-
ever, the potential to produce work as in a cocked rifle
bolt, 1s termed potential energy. The ccuncepts of pressure
ard potent.al energy will not be pursued in our studles.

(continued)
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EPISODE #6 (second of three pages)

WorX 1is capable of transfcrmations. Nearly all appliances
in our homes, schools, and industries make energy transfor-
mations far us; for example, a radlo, in part changes elec-
trical energy to sound energy.

.To give the puplls experience in generalizing the im-
portant concept of energy transformation, invite them to note
and explain the source of the heat procuced while a lead block
1s repeatedly pounded with a hammer. {Some of the energy of
motion, in part, movestlead molecules and part of the energy
of motion is transformed to heat as lead molecules collide and *
resist movement.]

Summary Questions

1) Define these terms and give examples or demonstrate
each one: .

(a) force (c) energy transformation
{b) work

2) A boy pushes vigorously trying to make a car move, but
it remains stationary. Does he do work on the whole
car? Does he do any work? Explain.

3) Who would wear out the seat covers in a car first, a
250 pound woman or a 120 pound woman (assume same
anéount of ti<e in the car ard same kind of cover)?...
explain in terms of work.

4) In which of the following situations 15 worx performed?
In which one is the most work performed? In which one
18 the least work performed?

(a) A boy pushes his cart up a hill.

(t) A truck rolls down a'hill and'crashes into a house.
< et
(c) A bird pulls a worm out of its hole. g

(d) A dog pulls at the end of his leash, but he
doesn't move at all.

#The surface beocomes dented.

Q
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EPISODE #6 (third of three pages)

5) In walch of the following situations 1s work trans-
formed (energy changed from one kind to another kind
of energy)? . -

(a) A girl uses an electric “air dryer to dry her
curls. Name the energy changes; if any.
[Electrical energy 1is transformed to heat energj]
Where did the electrical energy come from?
[Perhaps falling water, as at Nlagara Falls...
energy of motion,)

(b) The wind scatters fallen leaves ali around .

Name the energy changes, if any. [No appre-
clable change of energy in this exaumple; the
energy of motion of the wind 1is imparted to the
leaves which also move.] -

A girl uses an electric sewing machine to stitch
an apron together. Name the energy changes, if

any. [Eiectrical energy 1s changed to energy of
motion of the needle, etc.]

Q
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EPISODE #7

PACTUAL - CCNCEPTUAL - INFERENTIAL (bac'tground)

This instructional episode is deslgned to glve children
background experience in applying the principle of energy
transformation to entitles whose actions are explalned in
terms of the electrical nature of matter.

At the completion of this instructional eplsode the
pupil should be able to select correct statements about
charged particles derived from certalnvelectrostatic denon-
strations.

Ask puplls to recall familiar phencmena wlth static
electricity. Tuls activity might well be preceded by using
inflated talloons and noting thelr action on each other and
on other objects after they have been rubbed agailnst wool
or plastics.

\
Then proceed to the following demecnstration whlch
introduces the basic principle of electrostatics; like
electrical charges repel, unlike electrical charges attract.

1) Charge an ebony" (actually made of hard rubber) rod
by rubbing it vigorously several times in one dlirectlon
with fur. It is known that such action, 1in effect,
upsets the electrical neutrality of the substance of
the rod: the action puts a negative (symbol is =) .
charge on the rod. 3Bring the ebony rod near the xnobd
of a neutral electroscope...note the action of the
electroscope leaves. They will diverze. Touch the
ebony rod to the knob...note the action of the leaves.
They will probably diverge farther. Remove the rod
and touch the knob. The leaves will converge. This
action grounds or discharges the charge on the scope,
and it returns to electrical neutrality.

2) Bepeat No. ! with an uncharged ebony rod, a glass rod,
a penclil, etc.

3) Charge a smootii glass rod by rubblng 1t very very
vigorously several times in one directlon with silk.
It is kmown that such action, in effect, upsets the
electrical neutrality of the rod; the actlon puts a
positive (symbol is +) charge on the rod. BRepeat
the steps outlined in No. 1 with the glass rod.

4) {a) Touch a charged ebony rod to the kncb of a neutral
electroscope, then touch another charged ebony rod
to the knob while keeping the first one in place.

(continued)
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Describe the action of the leaves. The divergence
will increase. What can be concluded about the
action of negative charges on each other? [ihey
repel each other.]

(v) Repeat A, but with two charged glass rods.
Describe the action of the leaves. Wnat can be
concluded about the action of positlve charges
on each other? [They repel each other.]

(¢) What can be concluded about the action of like : o
charges on each other? They repel each other.

5) To the knod of a neutral electroscope, touch a charged
glass rod, remove the rod, then touch a charged ebony
rod. Groind the electroscope and repeat, reversing
the order of the rods. Describe the action of the
leaves:%* @he type of charge glves a dlvergence, tne
other type added to it creates a convergence] Wnat
can be concluded about the action of unlike charges
on each other? [(Unlike charges tend tr attract each
others] One result of such attracctlon 1s to neutralize
a previously charged body. For example, a positlvely
charged body may be neutralized by negative charges
which are attracted to 1lt. :

#Several Suggestions for obtalning satisfactory results wilth
the electrostatic apparatus follow :

1) When a@‘narged rod is 'touched™ to the electroscope knob,
run the” rod along 1ts length against the lnob. This action
maximizes the contact area between knob and rod.

2) Some people produce better electrostatic effects than others.
Invite different children to partlcipate.

3) Bumid conditlons nay inhipblt maximum results from elec-
trostatic demonstratlons.

(a) The glass rod usually glves the most trouble. Clean
the surface by washing in a detergent or wiping with
a paper towel saturated with alcohol. Dry thoroughly.

(b) Humldity in the classroom 18 usually lowest early in
the dayq

(¢) An operating electric hot plate 1n proximity to the
demonstration area may dry the air and apparatus.
Plug-in well in advance.
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As in earlier episodes, unseen entltles are zanifest here.
The vrinciple of repulsion of like charses and attraction of
unlike charges 1s a fundamental one. It §hould be emphasized
that the actions demonstrated are baslc to exple.ining and pre-
dicting atomic and sub-atomic events. Encourage the puplls to
hypothesize about what may be happening to the tiny bits
that make up the ebony, the fur, the glass, tne silk and the
electroscope leaves. An acceptable hypothesis at this point
would suggest that some thlngs are added or are renoved* from
an electrically neutral object in the production of electro-
static phenomenon.

Summary Questions

1) Describe the ener?% transformation in this instruc-

tional episode. tnergy of motlon 1s transformed to
electrostatic energy.]

2) (a) What is meant by an electrostatically neutral
oblect?

(b) How does a neutral object become charged?
(c) What is an electrical ground?

(a) How do negative charges affect each other?
(b) How do positive charges affect each other?

{c) How do positive and negative charges affect each
other?

-

Which symbel is used to signify a:.
(a) positive charge? =]
{(b) negative charge? =13
{c) neutralized charge? o7l

#The information that follows will be intreduced to the pupils
in subsequent episodes. It 1s known that regative electrical
charges are derived from sub-atomlc particles called electrons,
and positive electrical charges are derlived frozx sub-atonic
particles called protons. In cozzon applications, the loss of
electrons from atoas makes 1t possible for the protons to
*display® their charges. Taken alone an atom 1s thought to

be electrically neutral, that 1s, the nuzber of electrons
equals the number of protons.

Q
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5) On a prepared worksheet (as below) each pupil should
complete electroscope dlagrams by drawing leaves in
the correct position. The upper left dlagran is con-
pleted as an example. It is suggested trat the pupils!
work be examined by the instructor to6 ascertain class

i progress.
L ﬁ‘ charged glass rod .
then—» /}
<3
N leaves spread ’
charged eb rod
. 89 Spony ’ v.
then —»
?
?
V. ‘;}xarged bony rod charged glass rod VI.
A :g
then —» .
? ?
New Vocabulary
attract, repel negative
ebony rod neutral, neutralized
electroscope positive
electrostetisc symbol
electrical ground
" ) - -

A
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EPISODE #8 -

PACTUAL ~ CONCEPTUAL - INFERENTIAL (background)

This instructional episode is designed to give chlldren
background experience in using basic princliples of worx and
the electrical nature of matter to explaln a transformatlion
of energy.

At the completion of this instructioral episode the pupil
should be able to select correct statements about positlve elec- .
trical charges (protons) and negatlive electrical charges

(electrons) in relation to (1) their influence on like crarges, ]
(2) their influence on unlike charges, and (3) their relative
mobility. .

Invite the pupils to differentiate between the zeaning X -
of the words conductor and insulator, and, ask for exazples.
expeclally those in common electrical applrcations. Tell
the pupils that nearly any zaterial, even wgll known good
insulators®* can be made to conduct electricity if enough-
work is done on then.

¥  The demonstration employs an electrophorus; 1t can

achleve a larger charge than that of other inexpensive elec-
trostatic devices. An electrophorus consists of a layer of
plastic on a stand and a separate metal charge-carrying élsc,
which has an insulated handle. Each step 1s explalned (see
dlagram and inforzation below) from the standpoint of Todllity
of electrons. When a substance 1s electrically neutral the
quantity of the protons and electrons are in balance. It
requires work to unbalance the quantlty of charges. Scilentists
tell us that in common applications, it 1s the relative modllity
of electrons which accounts for the production of electrical
effects when appropriate worx 1s done. In general, 1f the
work adds electrons, then negative charges abound, and 1if the
work removes electrons then the effect of positive charges is

. manifest. %%

{(continued)

#yood, normally a good lnsulator, can conducé.-és when a tree
or barn is destroyed by lightning. This comzon danger should
be cited to the pupllsy

#%Soze pupils may ask how to identify the polarity (+., =) of
an unkmown electrical charge. Place a xnown charge on an
electrosccpe, then place the unimown charge on the scope.
The polarity of the unknown charge will be indicated by the .
convergence (attraction) or divergence (repulsion) of the
electroscope leaves.

»
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, STEP 1

Rub the plastic plate
vigorously with wool to
charge the plastic nega-
tively; this results i1n an
excess of electrons on

the plastic.
e WOOW
plastic

(part of electrophorus)

2.
plastic

' ’ '2";\ neon lamp

lift the ~ oL

-

] disc &+ +
» 7
’ . M other wire
L_l___--l
plastic?»
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STEP 2

Place the metal disc on the
plastic. The electrons of the
disc are forced to the disc's
top surface {why?) by the action
of the excess electrons on the

" plastic below.

insulated handle \’
T b e metal dis¢ \ electrophorus
;-L—'L\_ ————=

e
plastic

-

STEP 3

Touch the disc. ..this action removes
the electrons from the top surface

of the disc because “ground” 1s

more attractive than the repulsion
effect from the negative charges on
the plastic plate. The metal disc 1s
now positively charged.

STEP &

Lift the disc from contact witn the
plastic plate. Touch the disc to &
bared end of a wire lead frox a

1/25 watt neon* lamp. A triefl red
flash of the lamp indicates thrat an
electric charge i1s flowing across it
(from where?) to neutrallze the

[€)

positively charged disc. The "other"
wire froz the bulb may not require a connection to complete tre
circult because the electrons in it may suffice as a source of
charges. If the bulb does not flash, clip the "other" wire to

a metal object, or even hold the bared end filrmly between your
thumb and forefinger.

#Tne neon bulb 1s a miniature version of the ones used in elec-
trical advertising signs of ten seen at restaurants and shopping
centers, etc. Given an appropriate electrical circult, neon
gas in a bulb will glow a red color.

gERIC R ——
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’

Show pupils that the light will not flash if no work 1is
done in STEP 1. The emphasis throughout is to give the
pupils experience in accounting for the observations in
terms of the relatlive mobllity of electrons, as compared to
protons.

Sunrary Questions

1) (a) Usually plastics are electrical insulators.
What had to be done to the plastic in this
demonstration for i1t to become electrified?

{b) Give common examples in which insulating sub-
stances nay become electrified, or conduct
electricity.

What specific work was done to produce electricity
in the demonstration?

Where did the electrons come from to light the oulb? )

Why did the bulb flash, then go out? [ﬁlectrons
did work (light energy) "on the way" to neutrality
in the disc.]

In which steps in this demonstration 1s it inferred
that:

(a) like electrical charges repel each other?
[Step no. 2

. {b) neutrality was re-established: [khen the light
flashes and goas out... end of step no. 4.

Scientists tell us that charged particles, and hence,
electricity comes from tne atorms from which all things
are derived or made. Further, sclentists tell us that
it is negative charges or electrons that are involved
in carrying electricity or in "movenment" of elec-
tricity. In view of this inforumation what part of

the atom, "inside™ or "outside,™ would most likely
consist of protons? Explain.

New Vocabular

electron, proton
electrophorus
conductor
insulator

neon
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EPISODE #9

FACTUAL - COCNCEPTUAL

This instructlional episode 1is designed to icpart to
children the idea that th2 universe is composed of a 1limited
number of elenents which make up all classes of substances.
Prom earlier episodes the principle of energy transforzation
1s brought to bear on tne basic relationships between atons
and molecules.

At the completion of this instructional eplsode, the
pupil should.be able to select correct statements wnich relate
to:

1) the definition of chemical element, mixture and cozpound
and the relation between them (rigor of definitions
will be sacrificed for ease of comprehension).

2) the definition of atom and molecule and the relation
between thea (rigor of definitions will be sacrificed
for ease of coxprehension). .

3) tne most general qualitative attributes which differ-
entiate the approximately 100 chemical elerments at tre

atomic level. ] y

Referring to some of the materials used in earlier demon-
strations such as ebony (hard rubber), glass, wool, silk, wax,
leaves of an electroscope, tell the pupil that all things in
the world, including plants and anirals, sun. and stars, are
thought to be comprised of one or more of about 100 different
elements, in varlous cozbinations. Name several well-imown
elements (iron, silver, aluminum, carbon, hydrogen, oxygen,
nitrogen, zinc, radiuz, uranium, etc.) and relate to pupils*
lives and experiences. At this point relate the word atoz to
the concept of elexert. Do not push for a deep understanding...
1t will be treated more rigorously in a later instructional
eplsode. Ask the puplls to glve a general nypothesls tv explain
the existence of so zany otker substances (glve examples such
as water, sugar, salt, protein*, wax, silk, ebony, wool, etc.)
besides the elementary 100. An analogy may help: in a wardrobe
of clothes of different styles, colors, etc., there is a large
number of possible cnxbinations that could be worn. However,
some possibllities are "more satisféctory" than others. Give
examples and let pupils glve examples; brown and black shoes

(continued)

*Proteins are a class of compleXx compounds which glve evidence
of being involved with the basic chemistry of 1ife in all living
things. Protelns are in general coxposed of the elements ni-
trogen, hydrogen, oxygen, carbon and often sulfur.
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2

(split pair) etc., vs. 2 browns, 2 blacks, or sSwimming trunks
and T-shirts vs. swimming trunks and overcoat. Tre izportant
generalization here 1s that elezents zay combine, but there are
easier or "mcre satisfactory" combinations witn some elezents
conpared to others. .
There are two general modes by which substances, including
elexzents, may enter into coxbination; these nodes are mixtures*
and compounds. Dezonstrations follow which should involve tre
pupils in differentiating, via discussion, between mixtures and
compounds. Usé approxicmately equal and small quantities of
powdered zinc (an elezent) and powdered sulfur (an element).
Use a-clean end of a wood splint to spoon out once froz each
container, and mix the powders a bit in a small porcelain cru-
cible. Close tné chemical containers bvefore proceedinzs. Glve
the pupils, a definition for mixiure wnicn exzphasizes tne opera-

.tional possibility of separating tre substances asain, "ty hani";

demonstrate separation by picking out a few grains of on/ of the
powders . %%

Now proceed to makxe a compound from the mixture of zinc
and sulfur. lake a compact zmound of the mlxture in trne cru-
cible, so that it will nold the heat froz a burner. Witnh long
tongs, hold the crucible over a flaming burner., Be sure thre
pupils are well away from the reaction because it will produce
intense heat and light. Cnce the Zlxture starts to giow, remove
the crucible from the flaze, set the crucible .down and stand
back...there will be forthcoming a sreat release of energy. .
Compare the color of the new cozpound zine sulfide (white) with
the colors of the original reactants. 2Zinc 1s grey, sulf 'r 1is
yellow. Remind the pupils that the reactants are elementc, and

re-enphasize the definition of arl element. Emphasize that worxk, -.

in this case, heat energy, was tieeded to start the reaction and
there 1s a release of energy as a consequence of the reaction

that forms tre new substance, a compound. Underscore the idea
that the compound zinc s)lfide did not exist as such before the

reaction and that it alwiys forms under the same conditions.

#There are other modes'of combinations associated with mixtures,
i.e., mixtures of cozpounds, and zlxtures of compounds and ele-
ments. An example of the latter 1s air; examples of the foruer
are .products such as Coca-Cola and Bufferin.

#%The proportion of reactants thut make up a coxpound are in-
variable. However, a mixture can vary in thesyproportion of 1its
substances. For exanple, the wheat cereals we buy (Wneaties, Pep,
etc.) are made from the same basic compounds, but they are mixed
in different proportions to attain a difference in taste.
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Put another way, when substances (elements and/or compouuds)
are put undgr conditions in which a new coxpound can ve formed.
the new compound will always be formed.*

The term molecule can now be introduced in a sSomewhat nore
rigorous (but not complete) sense than Lsed in eariier activities;
a molecule 1S the scallest sub-division of a compound thatl has
the compound's properties.®#* An approximate contrast zay te
helpful: atoms are to elements as molecules are to compcunds.

Some pupils may now ask if compoundS can De btroxen dowm
into their constituent Substances. A&t this point The lesson
could be terzinated until the next session.

A demonstration of breaking a compound into the elezents
follows. Place enough of a coapound mercuric oxide in a heat-
resistant test tube (szall) to f1ll the tube to the level shown
in the diagraam. Do not let the mercuric oxide
cling to the inside wall of the test tube... C‘éﬁf( Loosery
lightly cork the test tube and heat, zoving
it back and forth over a flazing burner.

When the contents become trhoroughly blackened,
remove the cork and quicxly insert a glowing
(not flazing) splint. It should burst into
flame;##* thnis indicates the ‘issuance of the
element oxygen. Note the silvery droplets

of the element mercury which deposit on tne
inside of the tube.**## Outline the results
on the chalkboard using the following word MencurIc
equation: oxioe

[ S

o

#The compound zinc sulfide could be broken into its constituent
elements, but it would réquire zuch worx or energy to do so.
Some other compounds are more easily broken into cozponent ele-~
ments as will soon be described. :

##T7he term molecule may also apply to polyatomic forns of certain
elements, mostly elemental reactant gases under norzal conditions.

###If the first attempt fails, cork the tube, reheat and try the o
test again. '

####Referring to earlier episcdes, 1t might be noted that eneray

1s used to change a solid into a liguid and a gas. However, . the -
change here is chemical not physical...Wnhy? [B,physlcal,change

is limited to a change in shape or a change in state, sSuch as gas

to 1iquid. Cremical changes very often irclude physical chranges

but, in addition, there 1s formed one or nore substances with

wholly new reactive (chemical) properties.]
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* J
(compound ) Add heat energy {elezent) {element)
mercuric oxide N mercury + oxygen

- (atom) {(atox)

(molecule)
Fmphasize that in this case a compound cozmposed of two elezents
has been broxen down to release its elements.# Ccmpare the
word equation for the decozposition of mercuric oxide with thre
earlier reaction in wnich a coxdpound is formed:

(element) (element) add heat energy {compound )
zinc + sulfur N zinc suificde
{(atom) {atom) 7 (molecule)

Ask certain pupils to come to the chalkboard to indicate cn each
word equation wnere tne terms atom and molecule snould be pro-
perly placed. The emphasis here snould be upon tne three ob-
Jectives stated at tne top of page 1, not in mexorizing word
equations.

Invite the pupils to generalize, via discussion, the con-
ditions for caxing a cozpound or breaking a compound_into 1lts
elements. [in both cases energy., or work is required.

Summary Questions

1) What are the definitions for each of the following terzs?

Where relevant, give a common example,
element compound " energy
mixture aton molecule

»2) As we have defined them, which would have the most elements
represented in 1it, an atom or a molecule? -
_3) (a) A sclentist breaks a coxpound into lts elements.
Which one of the 4 staterxents below outlines what
1s thought to happen at the level of the atoxzs and
molecules. Explain. [#2]

1) compound to mixture 3) atom to molecule

2) molecule to atom 4) proton to molecule

“

#It mignt be mentioned that many compounds contain more than
two elements. Cne of the most common is sugar which contains
the elements carbon, hydrogen, and oxygen.
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3) (b) A scientist creates a comzpound from certaln
elenents. Wwhich one of tne 4 statexzents above
outlines what is trought to happen at the level
of the atonds and molecules? Explain. [#37] .

4) Scientists tell us that there are approxizately 100
different elecents which make up all the thinzs in
the universe. Which one of trhe three staterents
below best states the relation of the elezents to the
zake-up of all substances? [C] .

A) all substances are mixtures

B) all substances are elther elezments, or a zixture
of elexents

C) all substances are elther an element, or are
compounds, or are a mixture of elements and/or
cozpounds.

5) Wnen the elexzent oxysen and the element hydrosen
are cixed, nothinz nappens until a spvarx or {laze 1is
tnsroduced into the cixture. Tren an explosion
ocrurs and the cozpound water, in some quantity, 1s
alwavs formed. Relate the substances descrilted above
To tne terzs atoz and molecule by filling in the
chart below.

oxygen water hydrogen

elezent or cozpound?

atos or molecule?®

RIC

*Zxyzen and nydrogen each readily exist in dlatonic (two closely
assoclated atozs ¢f the elezent) fora and as such are coz=zoniy
called "™solecules.™ In these instructional eplsodes thne term
=olecule will be used only in reference to coxzpounds.

3
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aton
composition
compound
element
energy
mercury
mixture
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molecule
oxygen
reaction
splint
substance
sulfur
zino

S

™




had M T e i < M haadiiibaiinand e o - e R T -
-3 -‘

\
5

> S i oy bt i

209

EPISODE #10
FACTUAL - CONCEPTUAL - INFERENTIAL i
N~

This instructional episode is designed to give children
an experience in recapltulation of certain profound ideas con-
cerning tne developzent of a reascnably valid model of the
atomic nature of =atter. This episode draws on earlier ex-
periences in electrostatics and making inferences about unseen
entitles. .

At the completion of thls instructional episode the pupll
should be able to select correct statements concerning tre ex-
periment and inferences whicn led froz the Xelvin-Thozpscn
"jelly-roll® model of the aton to the Rutherford-Sohr planetary
model of the atoxz.

Ask the pupils to try to imagine the tinlest entities of
which tne material of the world 1is nade. Soze scientists, not
too 1ong ago. lzagined tnese entities or atozs as sort of a
spherical ball (see drawings) of Jelly-1like positive crnarxes
in which there would be embedded one or nore negatlive charges,
depending on the elezent. Sclentists knew trat atcns rad ne-
gative charzes (electrons) and positive crarzes (protorns), but
thelr arrangezent was a mystery. The» correctly surzised that
electrons were responsible for certain ranifestations of energy.
among them, heat and light. In reference to the Jjelly-roll
tdea, if electrons were pulled about within tne "jelly" by ~
having work done on theam, they would glve up energy in the forno :
of heat and light. R

Diagram I is an approximate representation of a "jelly-roll”
atom which has several randomly arranged electrons and protons.
If the "Jjelly-roll” zodel is a good one, then hlgnh speed, positive¥*
charges, fired at a Dass of such atoms frozm the outside, would
be expected to take wrat path(s)? Invite the puplls to precict 5.
what path the proton projectiles would taxe, and defend their ‘ B
predictions. Then craw Diagram II on the chalkboard. Diagrax
II represents what was thought would happen if tne target atozs
were analogous to tne"jelly-voll” 1dea.

If the atoz is analogous to the "jelly-roll®™ conceotlion
then the path of proton projectiles should be slightly tent
as the projectiles come under the repulsion influence of the
randoml y-arranged target protons (Diagram II). EZlectrons of

(continued)

#Protons have nuch nore mass ("weight") than electroms.
Therefore., it was expected that protons fired at high speed
would riot be easily deflected by randonly arranged positive
charges of tne target nor be captured or slowed by negative
charges of the target.

Q
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the target might only speed-up oncozing protons by attraction
and slow them a bit as the protons pass by. Wren the puplls
seez to understand this logic, tren show thex what really

occurred, as in Diagram III.

Drazatize that Diagram III represents what happened when
Rutherford expericentally tested the “"jelly-roil® model of the
atom. From the dilagraz 1t will be seen that soze protons got
through unmolested...in fact, =ost of ther did, but a few that
didn't were elther very snarply defiected, or actually caze
directly back! The pupils should ve'led to infer that:

1
1) atoms seem to be mostly expty space;

2) there is a central portion that has a large, positive
charge;

3) the planetary atomic nodel seeis to be a tetter repre-
sentation than the "jelly-roll" model.

‘ + Diagram II Diagram III

Diagran I

1 >,

—

<

A
Jeltlg Roll
Atorue Model

represents many, many protons driven at

*
C) 5 high speeds.
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When pupiis appucently accept the foregoling, the
following questlons can serve to extend and reinforce puplls'
conceptions about the planetary atoxic model.

1) For a source of target atoms, Rutherford selected
elements having tne property of being dense. Wnat
was the basls for nis reasoning? {Eigh speed protons
would more likely be influenced because of more
targets.]

2) Assuming there are electrons associated with each
atom, what can be inferred about thelr distance from
the nucleus of the atoz? Zlecrons pust be far
away and in motion, otherwise ,the cluster of positive
charges in most nuclel would attract them So zuch
that electrons would fall into nuc‘el.]

3) The planetary atoric model seemed to "solve" some |,
important problems for scientists, but it rcade
probleas, too. Can you spot one of them? Hint:
consider nuclei which have more than one proton and
then recall the rules for electrostatic attraction
and repulsiont - -

Sunmary Questions

1) If high speed positive particles were fired at atozic
targets, which one of these drawings shows the ex-
pected path if protons were mixed evenly with electrons
throughout target atoms? Explain. (("B". See expla-
nation on p. 2.])

n ™M H—" g—s p —

2) Repeat No. 1 except the high speed positlive particles
are fired at an atozic target with closely packed
protons; which arrow(s) represent(s) what occurred in
Rutherford's experiments? "C* mostly, and "D" occa-

‘sionallyg

3) Scientists claim that atoms are mostly empty space.
How did Rutherfaord's experiment help to infer such
a conclusion? E§ost of the projectiles went through
seemingly solid targets, without being deflected ]

New Vocabulary

atonmic target
embedd ed
deflect
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EPISODE #11

PACTUAL - CONCEPIUAL - INFEREWTIAL )

This instructional episode is designed to izpart to
children tasic understan dirgs about tne sub-~utozlc attributes
of selected elezents. It craws upon earlier experiences

which dealt witnh the electrical nature of zatter.

At the coapletion of this lneur ctiovxa1 e pisode, the
pupi} snould oe able to use a chart of atoz properties
(p. 5) to selec* correct suate:ents which -e-aue to a zasic
body of content on the general structure of tre planetary
atozic nodel.

v

The introductory statements herein should te proqe“teé
via lecture: 1In order to account for cifferences in thne ele-
rments in sucn features as color, density, relative conduc-
tivity of heat and electricity, relative ability to forx zases,
liquids, solids, and ability to form new substances, 1t is
evident tnat tnere zust be differences in the structure (naxke-
up) of the szmallest division of an elezent ynich has all tre
properties of that element...an aton of that elezent. .

Based on experiences in earlier activities ask the D
to consider a difference they noted tetween zin c and sulh
both of which are elezents; @oloj Tell tnez that the 1
bit of zinc that has all of zinc's properties + 111 be Aiff
from the last bit of sulfur that has all of sulfur's proper
These last bilis are called atozs. Ask the puplls to zmake zZental
comparisons of properties axoag such familiar elements as iron,
oxygen, copper, sulifur, aluzinuz, etc; (Cozpare properties

of color and coamon Dnyslcal state.)

Now, invite trhe pupils to make general jocu“eses about
the features of the "szaller-yet", or sut-particles of atozs
which could nave a vearing on the differences eacn elexzent's
atoms display cozpared to all other elexents' atezs. Wha
is sought here are responses of the followinb tyges: " 1’*
different”, *"have different parts", "some have zore parts tha
others"”, etc. If progress here is too slow, asx why water vs,
alccernol (neithner are elements, «both in y“el“ pure formo are
cornpounds) have such different properties (dedo istrate burnin
odor) tanough they looXx alike.

At this point, explain that scientists have evidence that
the differences between atozs of elements are due to aifflerences
in the nuzber and arraneement of three btasic types of sub-atoz!
particles (szaller yet than whole atozs). The three basic parti-
cles of atoms are:

(continued)
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EPISODE #11 (second of seven pagZes) .

1) Electron - a negatively crarged particle whlch ortie:
outside trne nucleus or central poriion of the atoz...
there are several likely oroiting paths called srnelis.

2) Proton - a positively charzed (opposite of electron) N
particle wnich 1s found as part of tre centrally Lo- \
cated nucleus. It has nrearly 2,000 tloes nore zass

{"welgnt") than an electron.

3) Neutron - an electrostatically neutral particle
wnich is found in thne nuclel of all atous excert
the most coznon type of nydrogen, It can te consifered
as equal in mass ("weight") to tne proton. a neutiron
1s tnought to be cozposed of a positlve chrarge ancd a
negative charge.

On the chalkboard .or overhead projector, draw a dlagraz
of a sizple atoz, such as helium,2 He.

: Nucleus contains:

elecyron—> 0O @ G4~ elecTrn 2 protons .
‘g\“\~ 2 neutrons

"WL‘U: T e " 3
4 = atomic mass (''weight’)

Tell tre pupils that this is a simplilied plcture of sthat 1s
now snowns; in fact, there is strong evidence trat 1t ic not
this sizple, but 1s a good start 1a learnliang how ine werlid is
structured froz tiny entities. aAs« t»e purlls unich part of
an atoz, electrons or protons, would they expect to e zost
easily rezoved. BEexzind trex of thelr experlences xltn elec—
trostatics.

Frovide each pupll with the chart of the first 20 ele~
rents (sizilar to tre one on page no. 5) for trelr continunl
reference. Invite thner to zaxe drawings of soze of the lighter
elements in thelr notebooks. Folnt out that all elezents,
c..cept hydrogen*, have neutrons 1in treir nuclei. Z=Ezphasize

s:ydrozen, too, 1s known to rave some atoms with neutrons in
trhe nucleus. Atozs, with more or fewer neutrons than "ancrmal"
are called ilsotopes: many sucx exazples exist with other ele-
rents. The cocpound xnovmn as neavy water, contains an lsotope
of hydrogen. The concept of ilsotogpes 1s not pursued in these
instructional episodes.

Q
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EPISODE #11 (third of seven pages)

that the electrons are arranged about the nucleus 1in successlve
shells, according to certain rules (to follow). At first ask
them to copy the teacher's chalkboard (or overhead projector)
drawings. The teacher should give individual help to assure
that pupils are drawing thelr atomic representations in an
orderly fashion.

As some mechanical skill in draving becomes evident, the
pupils should be told the following:

1) The drawings, as we make then, are very much over-
simplified. But, 1t is a good way to begin to learn
interesting ideas about the composition of the universe.

2) The electron(s) should be thought of as orbiting in
a cloud-like shell* at various relatively "fixed"
distances from the nucleus. g

3) Kost of the atom is empty space. Give the following
analogy about an atom of hydrogen: If the nucleus
were the size of a golf ball, the electron would be
buzzing aroind it about 2 mlles away.

It may prove advisable to terminate -the activity here and con-
tinue at the next session.

After the puplls have had experience in drawing repre-
sentations of several light elements, they should bte led to
ndiscovering” the following rules for determining the atomlc
structure, via questions frcm the instructor, and continual
reference to their charts.

1) The atomic number always equals the number of
positive charges (protoas) in the nucleus.

2) The atomic number equals the number of negative charges
(electrons) that circulate around the nucleus of a
neutral atom.

The atomic mass ("weight") minus the atomic number
equals the number of neutrons. For the element
chlorine: atomic mass = 35, atomic no. = 17, there-
fore, the number of neutrons = 18 in a "normal"
atom of chlorine.... glve other examples for drill.

5

*Por the sake of simplicity, we will draw shells as concentric
circles.
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4) The number of electrons in the first shell outside
the nucleus cannot exceed two.

5) The number of '‘electrons in each of the second and
third shells does not exceed eight up througn element
no. 20.
~
At this point the pupils should be invited to hypothesize
about thne properties of certain elecents, based on our sim-
plified look at atomic structure. For example, ask the puplils
to note that in a set of four metallic elements made into
cylinders of ‘equal welght, each has a different voluze. Invite
the pupils to account for trne differences discussing it in
terms of general atomic structure.*  Desplite earlier exper-
iences in these instructional eplsodes, 1t can be expected ?
that some of the pupils will not have a definitive conception
of volume, much less density. GHowever, a conception of welgnt
can be expected, and from this the notion of a difference in b
density should be re-introduced.

# Aluminum, atomic no. = 13; atomic mass ("weight") = 27
Zinc, atomic no. = 30; atomic mass ("welght”) = 65
Tin, atomic no. = 50; atomic mass ("weight") = 119
Lead atomic no. = 82; atomic mass ("weight") = 207

Q
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THE PIRST 20 ELENENTS:
CHART OF BASIC ATOMIC PRCFERTIES

. Basic ¥ Atomic Electron
Atomic ' Chemical Mass Arrangement

Number Element Symbol Property ('weight') Protons - Neutrons 1n the shells
1st 2nd 3rd 4th

. ) shell

1  Hydrogen H M 1 1 0 1

2 Helium He inert 4 2 2 2

3 Lathium Li M 7 3 4 21

4 Beryllium Be M 9 4 5 2 2

5 Boron B M 11 5 6 2 3

6 Carbon C Ind. 12 6 6 2 4

K Nitrogen N ° Nm 14 K K 2 5

8  Oxygen o Nm 16 8 8 2 6

"9 - Fluorine - F Nm 19 9 10 2 1

10 Neon Ne inert 20 10 10 2 8

11 Sodium Na M 23 11 12 2 8 1

12 Magnesium g M 24 12 12 2 8 2

13 Aluminum Al M 27 13 14 2 8 3 '
14 Silicon S Ind. 28 14 14 2 8 4 ’
15 Phosphorus P Nm 31 15 16 2 8 5 .
16 Sulfur S Nm 32 16 16 2 8 6

17  Chlorine cr Nm 35 17 18 28 1

18 Argon Ar inert 40 18 22 2 8 8

19 Potassium K M 39 19 20 2 8 8 1
20 Calcium Ca M 40 20 20 2 8 8 2
Drawing of Electron arrangement of silicon

silicoa (S1) atora N 1st shell 2 electrons
atomic no.=i4 ) 2nd shell 8 electrons
no. of neutrons=14 3rd shell 4 electrons
atomic mass ("weight'')=28 \/ ,

M = mostly acts like metal
\m = mostly acts like non-me‘&l, however there are 1lmportant
T exceptions with nitrogea, sulfur and phosphorus.*#
= indeterminate; can act llke a metal or non-metal "

R e

Ind.

#The puplls' charts do not contain the column entitled, "Basic
Chenical Property,” nor the information entered below row no. 20.

##7t might be well to mention to the pupils that there are common

i : exceptions to most of the "rules", or patterns stated herein.
There are valid explanations for meny of the exceptions, but they
are emxbodied in the content of advanced studles.

Q
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Sumnary Questions

1) In atozlc structure where do the negative charges ,
exist?, positive charges” u, ’

14

2) If the atomic number 1is known, the quantity of what
two basic parts of a neutral atom are known?
rotons and electrons]

3) (a) What two parts of atomlc structure make up atonmlc
. mass ("welight")? (Protons and neutrons] ’

(b) Describe the electrostatic charge of each of the
two parts named in "a". [?rotons carry e oositive
charge. Neutrons carry a positive and negative
charge, hence, neutrons are electrostatically
neutrall]

4) What are the relative zasses ("welghts") of these
atomic particles?.... Use the terms most, least, saze.

(a) electron (b) proton {c) neutron

h 5) If the atomic number and the atozlc mass ("weight") -
are lmown, now can the neutron, complezent of an atoxn,

be computed? [E}om the atomic mass subtract the atozl:

number. Give pupils several examples to work out

such as helium, beryllium, oxygen, magnesiua, phos-

phorus, argon:] .

6) Given equal volumes, which element would you expect o
to be heavier, aluminun or magnesium? why? Use the
chart. E?Mminum has nore particles in the nucleu{]

7) At ordinary temperatures the following elements are
gases: hydrogen, helium, oxygen, nitrogen. Alr 1is
- a mixture of mostly oxygen and nitrogen. Wny are
’ - hydrogen and heliuzm used in btalloons and dirigibles?
Use the chart. [z? L balloons are each filled wita
' equal volumes of these gases, then the nydrogen and
. helium balloons would float in ailr. Hydrogen and
helium atoms have less mass ("welght") than do nitrogen .
and oxygen atoms which compose the air:]

8) Name the element(s) in the chart of the first 20
elements which:

(a) have the most electrons in their outermost shell,
[Eéon, argon...each has 8 electrons.

FRIC N— — —
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(=

(b) have the same number of neutrons,
[§oron, carbon = 6; fluorine, neon = 10; sodium,
magnesium = 12; aluzminum, silicon = 14; phosphorus,
sulfur = 16; potassium, calclum = 207]

(¢) have the same atomic mass ("weight"). [irgon and
calcium, both = 40.] -
9) {a) Which element in: the first 20 elements has the
most neutrons? [Argon = 22.} '

(b) Does it have the greatest atomic mass ("weight")?
[Fo, but argon's atomic mass ("welght") 1s the
same as calcium with an atomic mass ("welgnt")
of 40.] o

New Vocabulary

arrangement

atomic mass ("welght")

atoric number ~

electron shqll(s) -
nucleus

orbit

outermost

particle(s)

represents

symbol
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EPISODE #12

J

FACTUAL - CCNCEPTUAL

_ This instructional eplsode‘ls de§1gnéd to give children
experience in using the planetary atomlic model to classify
certain elements as metallic, non-metalllc, indeterminants,

. or inert; these chemical characteristics are employed in

-

accounting for the formation of selected' compounds.
At the completion of this instructional episode the pupil

should be able to select correct statements which explain (in

terms of the planetary atomic model) the tendency of certaln’

elements to (1) act like metals, (2) act like non-metals,

(3) be indeterminant as to metal and non-metal, (4) be "inert".

N With forceps hold a plece of magnesium ribbon in the flame
of & burner until it begins to burn. Avold looking directly
at the flame. Emphaslze that the burning 1s release of energy
(heat and light). Invite the pupils to observe the product.
Tell the pupils that the element magnesium has combined with
the element oxygen from the alr. Ask the pupils to use their
atomic charts from an earlier instructional episode to help
hypothesize a possible explanation for the ready combination

of magnesium atoms and oxygen atoms. See dlagram on page 2.
Invite them to draw a dlagram of each atom. The explanation

13 expected to be difficult to elucidate. The puplls should
then be told that some types of atoms tend to effect a.complete
outer shell by galning electrons which they "acquire” from
other types of atoms. The completion of the outer shell for
the first 20 elements follows these rules: ’

1) A maximum of two electrons can appear in the shell
next to the nucleus.

2) A maximum of eight electrons can appear in each of
the two more distant shells.

Ask pupils to verify these rules in their atomic charts.
Employ a short recitation of examples to help reinforce the
verification.

_Nov, begin a lecture-discussion which uses these rules
to eventually elicit hypotheses from the puplls relevant to
other possible combinations of some elements. Explain that
many elements have a tendency to complete outer shells of
their atoms, as in the rules above. Use the analogy that the
rich get richer, and the pocr get poorer to lntroduce the
concept that atoms with fewer than four electrons in thelr
outermost shell tend to shave or even lose thelr outer elec-
trons to yleld a complete shell (next shell in toward nucleus)

(continued)

¢
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EPISODE #12 (second of {ive pages)

and those that nave more than four electrons {(exceot those

that have eight electrons in tre.qQuter shell) tend to take

on electrons to complete a shell., Z=pnasize the tendency to
complete outer srells by sharing (or giving up), or by saining
electrons. toms with exactly four outer electrons, such as
carbon, may go eltner way and are nerein called indeterzinant.
Atozs that tend to share or lose electrons and thus expose a
complete (or more cqzplete) shell nearer to the nucleus are
called metals. Atozs that tend to gain electrons to compliete

a shell are called non-metals. Give examples of cozmon metals
suéh as magnesium, iron and aluzinum in the first 20 elezents.
The gas hydrogen may act like a Zetal because of its teniency

to share its lone electron. Invite the pupils to give other
examples of metals. Next, glve exazples of non-metals in the
first 20 elezentsS...ask the pupils to do likewise using the "\
rules outlined above. Certain elezents have filled outer shells
and are called tre inert elezents.* They are not likely to
enter into chermical combinations. Tnt inert elements, where
found, are uncombined or free. * :

A worksheet (see p.3) .is exployed to give the puplls
experience in using the atozmic chart from an earlier instruc-
tional episode to confirm trne chexzical characteristics of the first
20 elements as being metallic, non-zetallic, indeterzirant,
or inert. For each element the pupil selects one of the four
characteristics and also a rationale or explanation,” labeled
A, or B, or C, or D. Several exauples are glven.

Plan to take sufficient time with the Horksheet on the
Basic Chenm‘cal Prooerties to insure tnat most of tne puplis
can denc trate a facility with tne rules. Then ask the pupils
to recal ° demonstration with
magnesiuw 14 oxysen...invite the
pupils to give an explanation for

the combination of these two ele- Diagram of molecule
ments and tne release of enersgy. of magnesium oxide
An acceptable explanation would e

suggest that magnesium's two outer

electrons are snared by oxysen, Mﬁ (0]

forming the cozpound magnesium

oxide. Furthermore, egoPnous nul- o.

vers of atoms are comb{hing by the Magnesium's
sharing of electrens tc form tne ’ outer electrons =
new substance.- Tlle energy glven XX

up in the form of neat and light Oxygen's outer

was, in effect, the energy that electrons =ee

#In the first 20 elements, the following elements have filled
outer shells: helium, neon, argon.
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Aept tne Detal zasnesiuz and the gas oxygen in thelr res- s
pective uncozilines forcs. shen they combined (it took soxe y
feat energy To stavri 1), they save up thelir "excess" energy.
Xt may resulre two Or zore sessions to reach this point in
he presentatl

uence of the experiences outlined above,
5 to discuss and dlagram the hypothetical
if any. between some other elements; a |
n page 4. The puplis should attempt to /
azs {(as srown) of the electron coxmplement )
n the appropriate cases, and certain
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EPISODE #12 (fifth of five pages)

Sunrmary Questions

Questions which sumzarize the exrectations stated 1n the
lead paragraph are implied in tre woril heet activitles.

New Vocabulary

maxicum - ninipum
indeterminant
inert

product

tends, tendency
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EPISODE #13

FACTUAL-CONCEPTUAL

This instructional eplsode 1is deslgned to glve chiléren
experience 1n accounting for the phenozenon of atoumic polarity
(charged atoms). Principles of electrostatics and chexical
characterists of classes of elements are drawn from earlier
eplsodes. ~

At the completion of this 1lnstructional episode the pupll
should be able to select correct Statezents about the nature of
charged atozs following a demponstration of electrolysis.

Fill a small beaker 2/3 with warm water. Stir in adbout
1/2 teaspoonful of copper sulfate crystels (CuSC,) until most
of the crystals dissolve. The solution will have a drignt blue
color. Connect & clean* copper strip and a clean iron rall to
a 6 volt D.C. electrical source as snown in Dlagram I. -Izzerse
only the copper strip and the nall in the solution, not any of
tne terminal or supportinz apparatus. ~ e copper strip and
nail should not touch each other. '

Diagram I
I—f s RES + = positive pole
1RoN 1 1 iggaif - = negative pole
NAlL :
CoPPER vcLT D.C.
SULFATE BEAKER ‘Gnucnhan SourceE

SOLUTION
Soon a deposit of copper "threads™ wlll appear on the 1iron nail
and at the same time the copper strip attains a rather etched
surface.

The puplls should be invited to discuss the following
problem: Eow can coover atoms, whlch'are sald to be electrically
neutral (see Diagram TI), be pulled from a copper strip, mlgrate,
and be deposited elsewnere?*#

(continued)

#Use scouring powder, or steel wool, or fine sandpaper.

#%0nly the migration of copper 1s considered herein. In any
electrolysis there 1s some type of reciprocal action.




amdig _ ” e ik e PV i PR P i STl & ats

225
EPISCDE #13 (second of six pages)

Diag-aa II Diagram III »
Neutral Atcm of Copper® Chargel Atom of Copper
*
outer oo ‘x//——
AN . electrons PR
\‘\ . removed / - \
Ny % \
oo o {o’ ° /. ‘8 80
? (44 e Y N
/o \Q\\ ‘
/ ) 29 provons \\
2.9 electreas

‘./ /'/ . 29 pretons
o AKlelectrns
+2 charse

Noe «<hgryc

[}he electrical source does work to rezove the two outer
electrons froz the neutral copper atoxm. Tris leaves 27 electrons,
and, of course, the 29 protons...hence, the atom now displays
two positive (+2) crarges and 1s called a charged copper atom;
see Diagraz III. Positively charged copper atolls are attracted
to the iron nall whicr is trne negative pole of the electrolysis -
circult. At the rnegzative pole each charged copper atom, in -l
effect, re-acquires two electrons and 1s neutralized; 1t is the
neutral atoms which cling loosely to the iron nail(]

The following questions and activities should be woven
into the discussion from which the zain inference 1s to te de-
rived.

1) What 1s the function of tne electrical source? [ It
provides erergy, or does work, to move electroq@

2) Wwhat must be done _to an atom of an element for 1t to
become charged? [Electrons must be added or taken
away, ]

3) Explain why the copper 1s removed at the positive pole
in electrolysis and deposited at the negative pole.
[See first paragraph, this page]

#The element copper does not follow tine rule for completion of
electron shells as given in an earlier instructional episcde.
‘This exception is not part of the lesson at hand. Copper was
selected for the cexonstration because it so readlly shtows the
oversll effects stated in the objective for this instructional

episode.
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EPISODE #13 ( third of six pagee)

4) Atoms of other elezents can acquire charges.
dlagrams of the following: . o

(b) a charged atoz of AN
pagnesium; explain  ~—a \\}
the difference ° (:) e

between a and b. . \\\..:49

[agnesiuz, a metal, has

Draw

12
12

protons
electrons

protons

? electrons [ld]

positive
charges

two outer electirons wnich

it can readily zive up. The loss of trese two
electrons unbalances the electrical neutrality of .
the atom, and "exposes" two protons. 7Inus, a charged N .
magnesium aton has a positizgotwo cnarge.] i
(7 Ay
(¢c) an atom of nitrogen —>! @ /: 7 protons
\:t: Y 7 electrons
-] s’
L e
(d) a charged atoz of 7 protons
nitrogen; explain ~~——w //’1*\\ ? electrons :101

- -

the difference ° (:) o 3 negative
between ¢ and d. 1\\ ’//7 charges
14
‘ [ﬁltrogen, in this case, 15 to be considered a

non-metal (there are izportant exceptlions
nitrogen).
to complete its outer shell.

L

t tends to acquire three elec...ns
Tre galn of the

three electrons unbalances the neutrality of the

atom by a factor of three negatlives.

Tnus,

a

charged nitrogen atom has a negative three cnarge]

Q
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EPISODE #13 ( fourth of six pages)

Summary Questions

1) See questions No. 1 - 4, above.

2) In an earlier instructional episode. we learned that
some elements are metals, some are non-metals, some
may act both as a metal or a non-metal, and some- are
inert, In regard to the metals and non-uetals of the
first 20 elements, which ones tend to:

(a) lose electrons to become_charged atoms? [H, L1,
Be, B, Na, Mg, Al, K, Ca]

(b) gain electrons to become charged atoms? [@. 0,
P, S, C3] .

3) If the compound water 1s électrolyzed. the elements
oxygen and hydrogen are obtalined.

(a) Which drawing, A or B, represents a neutral atom
of hydrogen; a charged atom of hydrogen? Explain.
[F5" represents the neutral atom...the protonic
onarge is bYalanced by charge on electro@]

() ® (B) @

(v) To which pole in electrolysis would a charged atom

of hydrogen be attracted? Why? The negatlve pole,

because hydrogen's outer electron 1s removed in
electrolysis, thus displaying its protonic (+)
charge 7}

(o) Does 1t act 1ike a metal or non-metal? Explain.

[Eetal: it tends to share or even glve up its electron]

(d) which drawing, C or D. shows a neutral atom of
. oxygen; [C] a charged atom of oxygen, 122]

o’f...f\
97
N

c D
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EPISODE #13 (fifth of six pages)

S~

To which pole in electrolysis would a charged

aton of oxygen be attracted? why? (Fre posisive
pole, because OoXygen acqulres two electrons :o

11l 1ts outer shell, and thus displays two "excess"
negative charges in comparison to its 8 protonic
charges[]

Does 1t act 1ike a ze:al or non-netal? Zxplain.
Xon-metal; it tends to acquire electrons to i1l
1ts outer shellJ .

Draw a pilcture Tepresenting a charzed atoz or
each of the Detallic-acting elements of tae first
20 elements.

=

3L1 = two electrons, shows positive one charze

no electron, shows positive one chdrge

Be » two electrons, shows osltive two chargze
12 ’ [
SB = twWwo electrons, shows positlive three chrarge

11Na - ten electrons, shows positive one charze

12%g = ten electrons, shows positive two charze

13Al = ten electrons, shows positive three charze

19K = eighteen electrons, shows positive ore chrarze
20Ca = elgnteen electrons, snows positive ¢wo charg?;]
To which pole in electrolysis would each of thnese

charged atoxs go? Wny? {Zo the nesative jole.
because each shows at least one positive crarze
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5) {(a) Draw a picture representing a’'charged atoz of
the elements which tend to act like non-zetals*
in the first 20 elezents.
[}N = ten electrons, shows negative three chargze

g0 = ten electrons, shows negative two charge

9F = ten electrons, shows negative one charge

15F = elghteen electrons, shows negative three crarge
165 = eighteen electrons, shows negative tuo crarge
1701 = eighteen electrons, shows negative one charse:]
(b) To which pole in electrolvsis would eacn of these

charged atoms go? Wny? [?o the positive pole,

because each has taken on at least one adéitional
negative charge.]

New Vocabulary -

charged atox
electrolysis
pole

#There are very izportant cozpounds of nitrogen, sulfur andé
phosphrorus, in which .these elements each act llikxe zetals.
These profound exceptions are studied in upper level sciences.

Q
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EPISODE #1&4

FACTUAL - CONCEPTUAL - INFERENTIAL

This instructional enisode is designed to give children
experience in using a simplified Feriodic lable of tre elelents

inferences about elements whose chexical craracteristics

and atomic structure rave not been previously studied.

At the completion of. this instructlional episoce the pupil
should be able to select correct Statements concerning certain
characteristics of soze of tne more comzon elexents ty using
a sicplified version of the Periodic Tatle of the elexzents.

In part, the present episocde is designed to give the oupils
an introductory experience in predicting soze cnaracteristics of
certain elements as a simple Periodic Tadle is ouilt-up. Zarlier,
the puplls were introduced to concepts relevant to the nlanelary
atozmic model including atomic number, atomic zass ("welzht"),

.electron shells and the general principle that trhe chezical
craracteristics are a function of the cozplement of electrons,
especially those in tne outer shell. Also, tne pupils nave nad
exverience interpreting a simple, non-periodic tadle of the
basic atozic structure of tne first 20 elements.

A simplified version of the Periodic Table of tne elezents

introduced. Each student receives a dlank Tatle; an

identical one is projected via overnead transparealy Dy tre

instructor. AS tne rules for building the Tadble are ceveloped
by lecture and practiced by the pupils, the teacnher should invite
them to predict what might follow, in terms of (i) electron srell
structure and nuclear cozplexzent, and (2) chezical and physical
characteristics, based on wnat the puplls already know about

common elements such as o«ygen,.iron, sulfur, magnesiuz, aluzinuz,
lead, etc. The following tasic facts anc principles shouid ce
imparted via lecture-discussion-recitatlion.
confused, or have difficulty concentrating on the procedures, be
prepared to ternirate the activity for the day...try asain tre
next session, placing special emprasis on asking the ciildren
to explain®to each otner the tasic System of organizing tne Table.

The Periodic Table of the elements helps to organize
and classify much information about the elexnents and
one can avold cezorizing a great amount of detail by
learning to interpret it.

Tne Periodic Table is arranged according to increasing
atomic number (atomic nuaber equals number of protons,

and number of electrons) in such a way that sizilarity

is shown between the number of shells and the nuzbter of
electrons in the outermost shell. The atozmic number

{(continued)

If the pupils tecore
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SE

appears below the syzbol of each element. The atoxzlc
mass ("welght") appears above the symbol. Daslc concepts
relevar®-to atoalic nusber, proton and electron complelent
and atomic mass ("welgnt") have been presented in earlier
eplsodes.

3) The elements are arranged in columns and TowWSs.
.

(a) Columns - This is the vertical allignment of the Table.
Each column's elecents are somewhat sizilar in chez-
ical or reactive properties because they have tre
same number of electrons in the outernost shnell.

The nunmber of electrons in the outermost shell
appears in the heading for each coluzn.

(b) Rows - This is the horizontal allignzent of the Tab
Each row contains elezents which nave the same nuz
of electron shells. The nuzber of shells for each
row appears left-most on the Table.

le.
cer

The pupils should be invited, concomitant with tre lecture,
to 111 in their blank feriodic Tadles for the first 20 eleczents.
They may be allowed to copy other well xnown elenentis as innicaced

. on the instructor's reference table, dlrectly sroz the instructor's

projection overlay. The electron complement snould bve £iiied in;
for example, Yo. 12 would be 2-8-2. The puplls should te asxed
to use the inforzatlion they are bullding into thelr Tables to
draw dlagrans of various atoos on Separace sheets. Certain

s tudents could be askxed to put thelr drawings on the cralxtoard
and explain them. Althougn tnhls portion of the current eplsode
is a repetition of an earlier activity, it is expected that the
reinforcement will have a salutory effect on learning.

As the mechanical process of filling in tine Table begins
to proceed with greater ease, the pupils should be asxed to
predict some of tne cnaracteristics (see questions Yos. 1 - &
below) of elements that are yet to te charted in the Tadble;
also, ask for predictions about several of the approxizately
60 other elements not provided for in our sizplified version
of the Periodic Table. Thne query should include the following:

1) Relative cass ("welght") - Would the same voluzme of
element NO.—. be lighter, heavier, or have tne saze
welght* as element No..—.? Zxplaln.

RIC

#lore accurately it could be stated in terms of mass zore,
less, or the same NASS.

-

{
N\




Q

EE

PAFullToxt Provided by ERIC

e, ate—

%

RIC,

2)

3)

4)

232

p EPISODE #14 (third of seven pages)

N

[bompare element No. 1 vs. No. 2 (No. 1 is liznte
element No. 15 vs. No. 16 {No. 15 1s lignter); el
No. 18 vs. No. 19 (No. 18 1s neavier); elezent llo. 18
vs. No. 20 (same): element No. 33 vs. No. 35 (v0. 33
is lighter).] - .

tomic rnumber, electron comole Wrat atozic

moant -
number is assigrned vo Tne—ta elezent in row —and
what is 1ts electron coxzplezent? =xanple: The 1st
elezent in row _2 has an electron cozplezent of 2, 1.
<

Wwhat atomic nuzber is assigaed to the._ th element o
column___and what 1s its electron cozplement? {=xazplie:
the 2nd elexment of coluxmn 7 has an electron cozplexzent
of 2, 8,.7. Wnat 1s the nuzber of electrons in tre
outermost shell of the elezent with etozic Xo. 5%?

[Cook in lawer right portion of the Table; note that
the element iodine has atomic No. $3 and 1ts outerzost
shell has 7 electrons. Elezment XNo. sk can Se expected
to have 8 outerzost electrons...it is an inert elezent:]

Metallic, non-zmetallic. in erzinant, iners - Would
element NO..... D€ DOre OF 1 Tarlic tnan elezent
No.__7 {Example: element Xo. 3 on tre left sice of
the Table is more metallic than any of those in the
same row. Element No, 9 1s more non-cetallic than

any of those in the same row. Zlement NYo. 10 1s 1irert.
Elemernts in column No. 4 are indeterminant; in soze
situations they can act like a metal, and in otner
situations a non-metal, decause the electrans coz-
plements of their outermost shells are nalf filled?)

Reactivityv of elements - In which parts of the Periodic

Table would trere pe iocated those elecents sost likely

to react or combine with each other: Tre left portion

vs. the right portion of tre Table? Tre upper portion

vs. the lower portion of trhe Table? Tre central gpart

of the Table? [51 general, the elements on Th eft ,
are most likely to react with those on the rignt except,

of course, for the inert elezents all of wnich are in

column no. 8. Elements toward the right of the Table

are the non-metals which acguire electrons to fill tre

electron coaplements of trelr outermost snells...such

electrons may be readily provided by the elezents

toward the lef:t of the Tabdble, the netals. Elezents

of certain coluzmns tend to react zost readily with

elements of certain other columns to form cozpounds ;

elements of column rno. 1 coxbine readily with those P

of column no. 7, column no. 2 with coluzn no. 6,
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EPISODE #14 (fourth of seveh paggﬁ) Q

column no. 3 with column no. 5. These coxblnations
are in accord with the rules for filling outer elec- ’ . .
tron snhells, however, thnere are a great zany izportan :
modifications in advanced studles. It 1s very c::cn
; for certain elements of coluzmn xno. 5 to combine with .
an element of coluzn no. & desplte tne deslgnavtion of ,
elezments in these coluzns as non-zetals. In tne present . N
instructional episode empnasize the zmost general rules,
as glven earlier.)

Suzmzary Questicons

The sketches of the Perilocic Table, as used ir a nunter
of questlioas in the suzzary, can te very ouic/;y copled on
the chalxboard or overnead projector in {ree nand...eacs such
sxetch should nrave the title "=e“iocic -aolo" as ag cpntinual
rexinder to pupils, and tney snould have thelr own Tatles in
front of then Do not pusa for too zuch in ore cesslon...te
prepared to ter:i&ate tne 1essovx for a day Af signs of tension
confusion, or toredox are generally notlceatle.

1) In what way aré tre elerents in row_.all alike?
[They all have the same nuzber of electron shells.

2) (a) Zow many electron shells does elecent ivo. 26 .
have? &

(b) Eow many electron shells does element Ho. 21
have? (&)

(ci Kow many electron shells does element No. 92
nave? [7]

3) Predict the number of outer electrons of elezent No. 3%,
Explain. ‘{Sccording to the Perlodic Table, elezent no.
33 has 5 e&ectrons in 1ts outer s”ell ahc elezent ro.

35 nas 7 electrons in 1ts outer shnell. e:en» no. 3%
which 1s between tnem can te expected to nave 6 suchn
electrons.) .

e
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EPISODE #i4 (fifth of seven pages)

Periodic Table Periodic Tatle Periodic Table

N —
SN ’ I s N
N NS NN .
A N C

Periodic Table

Periodic Table

(a)

(v)

{c)

(a)

I NN N I
SV Xe i
N l X4
N ,
E blank

Most of the non-zetals are located in the shaded
part of which Feriodlc Table above? [A...
elements tnat tend to be non-metals rave zore
than & electrons in treir outerzost snell, there-
fore are located in coluzns nos. 5, 6, ?.J

The inert elements are located in_ the shaded part
of which Perlodic Table above? EE . elezents
that are inert have a complete electron cozplement
in their outer shell.]

The indeterminant elements are lccated in the
shaded part of wnich Ferlodic Table etove?
Explain. [C... indetercinant elezents can act
like a zmetal or non-zetal. Such elements have
4 electrons in theilr outermost shell, and trhere-
fore, are located in colunn no. br.:l

Trere are several elements that are applied as
common conductors of neat and electricity tecause
they can be made into wire oy heat, pressure and
the action-of tools. The neutral atozs of sucn .
elements have up to three electrens in their
outerrost shell. On a blank table (as atove) o
indicate the approximate locaclion of such ele~
ments by inscribing an "X". [Place the X .
toward the lower niddle-left of the table.

Here are located the well-known conductors such
as copper, zinc, iron, silver... see Xj-.
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EPISODE #1&4 (sixth of seven pages) .

{e) Lade belleve you are a scilentlst who needs an elezent
thaz ¢An Aact totn lixke a zetal and a non-zetal and 1is
light welgnt., Cn a btlanx table (as above) indicate the
. approxizate location of such an elezent oy Inscribing .

an "£". T:lace trie X in tre upper portion wrere the
lignter elezents are located and concozitahtly in tne

. =1ddle where tre indeterxzinant elements are ° ated...
see Xg+) :

5] . . . .

Periodic Table Periodic Table Periodic Table :

] ! ] S
1 O .
| ..-® y
| _

©

\

{a) Eacn of two elezents 1s represented by the symbol C) .
whicn table Shows the two elexents positlcned so thnat
tney would zost lixely form a compound? ZExplalin,

I.... tne pos.tloning indlcates a zetal cozbining
with a non-zetal(]

{b) Which © le Shows trhe two elexzents in positlons zost
unlixely to forz a coxzpound? Zxplain,. Ceees the
positioning indlcates a non-zetallic elezent and an
inert elezent; tne latter 1is not likely to enter lato
coztlination. The cicdle table incdicates a coztination -

of two zetals anhicn 1s possible., btut not _too cozuon,
trerefore 1s not included in our studles:)

Periodic Table Periodic Table

—
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EPISODE #14 (seventh of seven pages)

N -

(a) In Feriodic Table A, draw a line from the elezen:

parked X to a circle (O which represents an elezent
chezically most like ® . Explain. [Pne line snould
be drawn vertically cownward. Elezenis in tre saze
coluzn of the Feriodic Table tend to rnave sizilar
chezical characteristics because they have the saz
nuzber of electroas in their outermost shell.]

In Periodic Table B, draw a line froz the elezer~*
carked Q to tne circle (O th=t represents ar elezent

rost lixely to'react or coztine with . = n j?
[The line snould te drawn toward tne uppe

wtwo o'clock.” Tre elexent directly to tn
fairly sicilar witn a slightly greater nu

elecirons and is not likely to cozbine in a
panner. The elezent to tre far rignt is ine
elecent in the sare coluzn has simllar chex

perties. _Elezent (X appears to be a reavy
could be ¥xpectedt to combine witz a non-metal 3
tne upper rignt. Wny? vetals tend to give uz
cuter electrons (i, 2, or 3 electrons) to non-zeza
which acquire or share electrons tc cozplete tne electron
caomplezent of thelr outer srells (5 or more electrons).]

I
ct
1)
*e

'

-

New Vocatuiary

combine, cozbination
Feriodic Table of tne Elezents
react, reaction *

-
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123

Appendix D, Table No. 1

Conversion Table

Deviation IQs to T-Scores

Middle Elementary Experimental Classes, N = 57

£ T-Scores DIQ £
1 73 98 1
1 69 97 2
1 67 96 1
2 64 95 3
3 62 94 1
2 60 . 93 3
3 58 89 2
7 55 88 2
1 53 87 1
1 53 85 1
2 52 83 1
3 51 80 1
b 49 79 1
2 48 77 1
2 47 70 1

240

T-Scores

46
46
b5
4y
43
42
4o
39
37
36
35
34
32
30
26
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¥iddle Elezentary Reference*("Control") Classes, N =

DIQ
122

119
117
115
113

Appendix D, Table No. 2
Conversion Table

Deviation IQs to T-Scores

T T-Scores . DIg f
1 73 99 3
1 69 98 2
1 66 97 6
2 64 95 3
1 62 93 Lk
2 61 91 2
4 59 89 2
3 57 88 2
2 55 85 !
1 sS4 33 1
3 53 81 1
b 52 79 2
1 51 75 1

#T.scores from reference classes IQs
were not applied directly in testing
hypotheses.

241
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Pre-Secundary Reference®* ("Control") Classes, N

DIg
127
122
118
117
116
114
113
112
110
109
108
107
106
104
102

Appendix D, Table No. 3 o
Conversion Table

Deviation IQs to T-Scores

f T-Scores DIQ £
1 73 101 1
1 69 100 1
2 65 99 1
3 62 98 1
1 60 97 2
3 59 96 b4
1 57 95 1
5 56 94 1
1 4 92 2
3 53 91 1
5 51 90 1
2 50 88 1
2 49 85

3 L7 80 1
2 L6

#T.scores from refererce classes IQs
were not applied directly in testing
hypotheses.

242

5%

T-Scores
45
4s
Ly
Ly
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Appendix D, Table No. 4 (4

Conversion Table

Deviation IQs to T-Scores

Pre-Secondary Experimental Classes, H = 59

DIQ £ T-Scores DIQ Y T-Scores
118 3 69 101 3 46
117 1 65 100 2 45
116 2 63 98 2 i
115 2 61 97 1 43
114 9 58 96 3 42
112 3 54 95 1 41
111 1 53 9l 1 40
110 1 53 93 3 39
109 1 53 91 1 37
108 3 52 90 2 36
107 3 50 89 1 34
106 2 Lg 88 1 32
105 2 48 87 1 30
104 2 48 86 1 26
102 1 47
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DIQ
123
120
113

109

107
106
104
102

101
99

[T = I VR Y R L 7 N R R L ]

Appendix D, Table No. 5

Conversion Table
Deviation IQs to T-Scores

Hypotheses Nos. 9a, 9b, lla, 1llb
Middle Elementary Boysx, N = 30

T-Scores DIQ
71 97
66 95
61 93
59 87
55 85
52 83
51 79
50 77
k9 70
48

[ s T e U R O [
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T-Scores
46
uh
52
ko
39
38
36
33
28
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DIQ

116
115
111
109
107
105
102
101

Hypctheses Nos. 10a, 10b, 12a, 12b

Appendix D, Table No. 6

Conversion Table

Middle Elementary Girlsx, N = 27

£
1
2
2
2
2
1
2
3

T-Scores .
70
64
60
57
55
53
52
50

DIQ

100
98
96
93
89
88
80

[ I R o

la}
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T-Scores
47
46
15
42
39
35
29




DIQ
118.
117°

116

. 115

118
112
111
110
109
108
107
105

[ Y Y N S S T SR O T

Appendix D, Table No

Conversion Table

Deviation IQs to T-Scores

Hypotheses Nos. 13a, 13b, 15a, 15b
Pre-Secondary Boysx, N = 29

T-Scores
T 68

63
61
60
57
54
53
52
51
50
50
%9

LY

pIQ

108
102
101
97
96
94
93
90
89
88
86

[ S S R R S N S I = I [

T-Scores
48
47
46
45
Uy
42
4o
38
36
33
28
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Appendix D, Table No. 8
?- Conversion Table.
Deviation IQs to T-Scores
‘ Hypotheses Nos. 1l4a, lUb, 16a, 16b
‘ ‘ Pre-Secondary Girlss, N = 30 .
pIQ £ I-Scores DIQ £ T-Scores
18 1 71 101 2 46 .
116 1 66 100 2 4y
115 1 63 98 2 52
N 114 5 59 96 1 40
.12 2w .55 95 1 39
108 2 ™ 53 93 1 38
107 2 51 91 1 36
106 2 50 90 1 33
105 1 48 87 1 28
104 1 *~ ’ u7

Q
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TEST OF PUPIL'S ATTAINKELD
AFTER CERTAIN INSTRUCIICNAL EPISCDES
¢ LEADING TC AND PERTAINING 2C JHE
{

PLANETARY ATCKIC XCDZIL

An investigaticn in elezentary sclence
curriculun eaplosing a zZajor conceptual
schemes approachn.

by S. Zarvey Stelnterg

PRS - instructionai forz, administered

POST - instructional forz, administered

X a Grade level

Name of Pupil _ B
Teacher's Nape Schocl
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DIRECTICNS FCR TEST ADNMINISTRATICN

Read tne directions on the first page of tre test
booklet to the puplis.

Read each guestion aloud as many tlzes as rieeded for

each pupil to cark an answer (o eacn question. Tk

pupils should circle the letter of the vest of four
answers. Tney can use pen or pencil. Iove around

the room to ascertain that all pupils are working. .

Space the seating of the pupils to insure that eacnh
does nis own Work. Encourage them to WOrx nard even
thougn some or nearly all of the guestlons are un-
farmiliar. Soze classes will te taking tne test a
second time without benefit of forzal in ctruction

on tne zaterial. ASX theZ to do thelr best.

The PRE and tne PCST forz are each given in two
sittings. Each sitting will take at least 30 zinutes
(zore likely 45 minutes), tuf tize srould not te 1
factor in completinz the tTest. 1Ine first sittiling of
each of the PRE and PCo. foras ends with question

no. 11.1.

M

S
-
pe

To help dissipate the effects of fatigue, the class
should, for one cinute during each sitting, stané up,
exercise, wiggle, talk, etc., then promptly go back
to the tasx. Test papers should be closed during tne

break.

The pages of each booxlet of the PRE form are in the
same partially rardozized order. Tre first sitting
of both the PARE and PCST forums of the test ends act
question no. 11.1 and the second sitting begins at
question no. 11.2.

{continued)
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SECOND SITRING, PRE AND PCST FCRIS

7. Beginning at the second sitting {(cuesticn no. 11.2) of
botk the PRE and PC3T forz, two tables zust e issued
to each pupil. The teacher 1s to descrive tne use of
each table upon distribution; tell tre puplls only tre
following:

(TABLE OF 20 ELEMENTS)

a) *"This sheet (show pupils...ask thex to look at
tieir table of 20 elezents) is a tatle of the first
20 elezents and thelr basic atozlc parts.”

{PERIODIC TASLE)

b) "This sheet (show pupils...ask thex to look at

their Periodic Table) is a Perioilc Table of soze
of the elements. It is made in such a «way that a
relation 1s snown between an aten's electron snel
and the number of electrons in tne outerzost snel
I will give you time to loox over both tables. I
cannot tell you how they are used, but I will tell
ycu when they are used."

(TEACEER LETS PUPILS PERUSE TABLES, THEW SAYS:)

¢) r¥any of the questions in thils part (second sitt
of the test state tna. Tne Puoil May Use_the Talle:
or The Pupil Uses Tables. I will tell you on wni
questions elther cf these staterxents appears, but
you will have to decide which table 1s best sulite

to help answer the question.”

Por each such question tell the pupils before
reading the question that the tables can or Zay oe
used, and remind thex agaln, a zinute or so tefore
going on to the next guestion.

Pupils who have not been taugnt how to use the
tables may Seem upset. ASsure then tnat tnelr "zarx"
in science wWill not be affected. dbut they %11l be ex-
pected to try hard on all questions.

It is important in the investigation that trhe directl

ons

for administering the test be izplemented as exactly asS poS-

sible. Your time and attenticn to trese det s is very
much appreciated.
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DIRECTICNS FCR PUPILS
» /\
PRE - PORX

1. The purpose of this test is to find out what yoo may mow
about certain parts of science. TIry your best on every
question.

2. There are probably zany gquestions which ask about ¢ s
that are new to you. Soze rmay be fun to talnk abou v
if you are not sure of the answer. <ry rard on all gue

ot Y
D

3. Each question has four answers, but only one is tre test
answer. Put a circle around tre letter of the Dest answer
only. Do every question.

4, The test will be glven in twd pa
second part, you will te given tw
you know how, "trne charts can nelp a
*PUPIL USE3 TASZLES", or "PUPIL ¥

S. At the start of ¢
crarts or tab.es. I
-

Sﬂqgour tgacher will read each question slowly. You should
eqfl along with your teacher. If you need zmore tize, or
need a question read again. ask you teacher.

= DIRECTIONS FOR PUPILS
PCST - PORM

1. The purpose of this test is to find out what you zay have
learned in science over the past few weeds. Lon't be urset
if you are not sure about an answer, but try your best on
every question. ) i

2. Each question has four answers, but only one is trne btest
answer. Put a circle around the letter of the test answer
. only. Do every question.

3. The test will be given in two parts. At the start of tre
second part, you will be given two charts or tables. Tne
charts can help you answer the questions zarxed "PUPIL USZES

TASLES™, or "2UPIL NaAY USE TABLES".

L, Your teacher will read each question slowly. You should
read along with your teacher. If you need nore tize, or
rneed a question read again, ask your teacher.

e
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Episode No. 1 -

Inferential (backgrourd)

1.1 Why can a sponge soak up a lot of water?

A) Because sponges can bend when wet.

B) Because some kinds of sponges grow 1n water.
Because sponges have many open Spaces.

D) Because sponges need water.

Episode No. 2
Inferential (background)

2.1 V/hen a Substance changes from a liquid to a gas, what happeus toits
molecules?

A) The molecules are destroyed.

B) The rnolecules get smaller.

C) The molecules get closer to each other.

@The molecules move apart from each other. -
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Episode No. 3

Conceptual - Inferential (background)

3.1 The sinell fruwn perfume 1n a dish most easily spreads through a room when,

A) ice is put in the dish.

@) the room is made warmer.
C) the room i carkeucd.

D) the room is made colder.

3.2 O1l flows easier in hot weather because; /

@the oil molecules are far apart.

B) the oil molecules dry fast.

C) the oil molecules are close together
D) the oil molecules dry slow.

Q . ,
ERIC e - .
. .

Sw .

]

G
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Episode No. 4

Factual - Conceptual - Inferential (background)

4.1 A child takes a cold soft drink can from the refrigerator. He leavesit
unopened. When ae returns a few rainutes later, he {inds molsture on the
can. How did the moisture get there?

A) V7ater from the air changes to a gas whenat strikes the warm can.

B) The can leaked from aroand the top edge. It ¢r.pped douwn the sice
of the can.

@ \vater molecules from the air collect on the can because they lost their
heat to the cold can.

D) Heat from the can makes air mo.ecules concense upon 1t.

Episode No. 5
Inferential {background)

5.1 A child tries to guess what is in a box. Of what can he be dicectly sure.
without opemning 1t?

A) What s in it. ’
B) If 1t has a Living tiung 1n 1t
C) If it has a non-living thing 1n 1t.
The many kinds of thangs that cannot benat




Episode No. 5

Inferential (background)

5.2 Pretend each of the things listed has the same weight. Which one takes up
the most space or volume?

A) A coin.

B) A new bar of soap.

C) A 10¢ chocelate bar.

©) A balloon floating in air.

y

5. 3 Pretend each of the things histed has the same weight,
most density ?

@ A Coin.
B) A new bar of soap.
C) A 10¢ chocoiate bar.

D) A balloon floating 1n air.

vs/hich one has the

{AFullToxt Provided by ERIC

o
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Episacde No. 6
Factual - Conceptual - Inferential (background)
€.1 In which drawing docc' it show thet work 1s teing done?
; [
. G4S Y
RES!
o ~ ﬁ L TIRES
A) =JAC= N _ 3

A = W §

B)
"
- 7 )u\

D) %\3
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the most work being done?

6.2 In which drawing 15

>
Nomy,

!A)

)

&/
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6.3 Which drawing shows one kind of work being changed to another kind of work?
=4
AN
<

y
! L
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Episgde No. G

Factual - Conceptual - (background)

u

7.1 To add electric charges, or to take away electric charges,

@work must always be done.

) a switch must always be turned on.
C) a switch must always be turned off.
D) always use an electroscope.

Before After
1.2 «~ electroscope knob ——

I3 .
5.

¢ jeaveg —mm

Which particles could make the leaves of the electroscope act as the drawing
shows?

KEY
Positive charged clectrical particle = E

Negative charged electrical particle = G\

/ o
A GG
DG O

@D® = OC -
GG OO

S
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7.3 Negative electric charges show up on an ebony rod when it is rubbed with fur.
From where do the negative charges come?

@ The smallest parts of the fur.

B) Batteries inside the ebony rod.

CY The smallest parts of the ebony rod.
D) Magnets inside the ebony rod.

-

——

7.4 Which chain of electrical particles would need the most work or energy to be
broken apart?

. KEY ~
Positive charged clectr:cal particle = (U

. Negative charged electrical particie = O]

O

0
Neutral particle

2\
i
C

ERIC
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THE MEASUREINENT INSTRUKENT

~re post-instructional form of the lest appears
in thls appeondix, Pages In tne pre-instructional
forz were in a partly ranceziced orcer. Includec
rere are directicens for teachers and pupils cn thre
pre anl poct instructlonair forus.
~ne reference tadbles regquired for Part II .
of botr forzs of tne test are virtually tdentical
to thnoge recoried in appendix C, Sequence of In-
structional Erifcies; see page 5 eplsode no. i1
for tne crars entitled Tne Flrst 20 Elexents, and
toe Sne final pagse of eplsode no. 14 for pupils’
copy of A Perioaic Tadle of Soze Elexzents.
Folleowing the adziristration of the post- ;
tnssructlional test, tae investlgator discovered
trnt one guesticn, no, 7.%, had an azmbligulity in .
contert. A pupil wno knew only that 1t requlres
wory to overcoze electristatic attractlon belween
todles woull te ligely to select answer D. bt
would relect answer A reascning that protons re- H
pulse eacn other. (n tre otner hand, a pupll who
understoal tne preceding, but also dnew trat great
sforses” rold protons togestner in atonl nuclel -
would salect ans<er A, reascning that Luch Worx
“ould be raquired tO serarate prolons united as .
suer. In scoring, eltner answer A or D was
sounted as 8 correct answer.

- > . - S
/ i
e
1
St i i , _ o B e ‘
263
Epmsode No. 8 )
Fac(uai-#Soncep:ual— Inferential (background) |
L d
B. 1 A o oaes thoanht s be partly made up of .
(7)) e tove Wared parlcles and posiive charged phrucles,
I Neutrgl moLecaes
Do Nepative THanyged moiecules and positive chargs . molecules. . ~
[} Posative giecifr.eal moecuies
&
* ”
AN

ERIC .
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5 8.3 ii we rub a substance, what part of its atoms is most likzsly to be moved?
. A) protons
B) neutrons
© electroas |
. D) raclei ! - .
¢ B
=
\ , . :
A .

8.4 When an atom loses electrons it:

@ becomes more positively (+) charged.

B) becomes more negatively (-) charged.

C) becomes neutral. ! ’
D) is destroyed. b

N i B
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8.5

@ ~
@g@v —
/

In sunlight the leaves of a posit
energy from the sun gives some of the
charge. Which air particles make the

. KEY ' Q\\\Y\\\k\

air particle with positive charge —>» @
N

air particle with negative charge —> \@\\;

air-particle with no charge —_— AN

\ S 265

N
-

ively charged electroscope go down because
air around the clectroscope an electric
leaves go down?

. AN

2
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Episode No. 9

Factual - Conceptual

H

9.1 Scientists tell us that about 100 elements make-up all the things of the world.
How do each of the elements differ from each other?

A) All elements are alike except for their names.
@ Each element has 1ts own kind of atom.
) All elements are alike except for their color.
D) Each element1s a different mixture of gompourds.

?

9.2 what is the tiniest part of an element which is exactly like the element?

- s

A) a compound
B) a mixture
C) a molecule

@ an atom "
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9.3 What 1s the tiniest part of a compound which 15 exactly like the compound?

@ A molecule
B) An atom
C) A mixture
D% An element

14

9.4 When ‘he clement hydrogen and the element oxygen are joined 1n the right
v way, they form water. water 1s called:

A) A mixture
B) An element
_ C) A muxture of compouuds . ’
: @ A compound

Q

(1R C B— -
. . )

Prmmmmel, : 0 s S . : : % S )
. Lo ‘ . : »

-
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Episode No. 10

Factual - Conceptual - Inferential

10.1 A scienhfs\t shoots high speed positive charges, + ———> , at atomic
nuclei, \I_\:;. Which drawing shows the most l:kely resuit?

" A)
+ #}®
. _®
i
2)

< ‘*'\_—ﬂ*—é.l @
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Episode No. 11
Factual - Conceptual - Inferential
-*
11.1 Which one of these parts of an atom is thought to have the teast mass
("weight")? ¢
A) neutron
electron
C) positive charge

D) proton

END FIRST HALF OF TEST HERE

2
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BEGIN SECCND HALF OF TEST HERE.
EACH PUPIL RECEIV"ES TWO TABLES.
11.2 (PUPIL MAY USE TABLES) ,
The atomié aumber of an element is always the same as its: ~
A) atomic mass ("weignt”).
B) number of neutroas.

number of protons.
D) number of electron shells. A

11.3 What is the atomic number of the elemcnt with 26 protons and an atomic
mass ("weight") of 56?

A) 56 . C) 30

B) 82 ©) 26

ERIC .

Aruitoxt provided by Eic:




'

271

11 4 (RPUPIL-MAY USE, TABLES)
An element with 15 protons and an atommic mass ("weight'') of 71 has how

mény neutrons ?

A) 31 A @ 16

B) 15 : D) 46

&

11.5 (PUPIL USES TABLES)

In the first 20 elements, which elements have all their electron shells

fillec?

helicm (He), neon (Ne), argon (A
B) helium (te), oxygen ‘O), neon (Ne)
C) hydrogen (i) helium (fe), beryllium (Be)
D) beryllium (Be), oxygen {0), argon (A)

ERIC

Aruitoxt provided by Eic:
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11.6 (PUPiL USES TABLES)

272

Equal sized boxes are completely filled with ce rtain clements; as pictured.

AT IAS P i QP ww g
¢ i"l [ a (1 s .

box of carbon ~ box of " box of sulfur
i aluminum
Which one weighs the most?

@ sulfur (S) ’ ' ’ C) carbon (C)

BJ aluminum (A1) D) magnesium (Mg)

11.7 I(PU PIL*USES TABLES)

Which one of these elements has the most neutrons?

A) No. 20 ©o. 18

B) No. 19 D) No. 17

i

- ————
. -—

At

| Mg 4

box of
magnesium

&
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~

11.8 (PUPIL USES TABLES)

A drawing of an atom of element No. 21 would be like which one of these? ,

C)

! D}
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12.1

12.2

s
3

Episode No. 12 ’ .

Factual - Conceptual

A) has fewer than 4 electrons.

@ is complete.

C) has 4 electrons

D) has no electrons.

A

Ah inert element is NOT usually active because its outer electron shell:

Which one of these elements would most easily lose outer electrons?

© ,

e

aluminum (Al)

[~

;

/,/J\-/ . -
) chlorine (Cl}

o

k2
R S

.
.
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12,3 (PUPIL MAY USE TABLES)

Which one of these elements is most likely to act as a metal?

A)

(A
/’\ argon (Ar)

L/ atomic no, 18
B)
\_,./I.

12.4 (PUPIL MAY USE TABLES)

fluorine (F)
atomic no, 9

—

hydrogen (i)
atomic no, 1

nitrogen (N)
atomic no, 7

N

£ S

Sowe elements can act like metals or can act like non-metals. Whi::h drawing
best shows the outer electron shell of an element most likely to act this way?

o
e

Mo

©
[y

Eal
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(PUPIL. USES TABLES)

The element sodium (Na) and the element fluorine (F) can form the

compound sodium fluoride (NaF). Which sentence best explains how
the compound 1s formed? '
A) Fluorine's outer electron fills sodium's outer shell.

B) Sodium loses ail its electrons.
© Sodium's outer electron fills fluorine's outer shell.
D) Fluorine loses all its electrons.

Episode No, 13

Fuactual - Conceptual

Charged atoms have:

A) lost neutrons. .
gained electrons or lost electrons.

C) gained neutrons.

D) gained neutrons and lost protons. !

Lo

276
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13.2 {PUI'I.. MAY USE TABLES)
Which one of these drawings shuws a charged atom of nitrogen (N)?
atomic No, = 7
® o
B) D)
o = pr—— Y e ey — e e Tt o T N RN
7
13.3 (PUPIL USES TABLES)

ERIC

Aruitoxt provided by Eic:

The ovean has in it the compound magnesium chloride The
elements magnesium (Mg) atomic No. = 12, and chlorine (Cl; atomic
No. = 17 are separated by electrolysis. At which poles are these elements

collected during electrolysis?

POSITIVE PPLE = +

NEGATIVE POLE= -~
A) chlorine at — magnesium at 4~

@ chlorine at +magnesium at —
C) chlorine at — magnesium at —

D) chlorine at 4-magnesium at -+

_a
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‘\ B Episode No. 14 278

\ Factual - Conceptual - Inferential

14.1 (PUPIL USES TABLE)

“/hat do these numbers in the Periodic Table Stand for?

| Periodic Table [~ [

o] | o enf ] e o] =

-
A) The number of electrons in the atom.
B) The number of protone,
C) The atomic number.
@ The number of electron shells.
14. 2 (PUPIL USES TABLE)
In the shaded j part of which Periodic Table drawing do the elements
act most like each other?
A) Periodic Table C) Periodic Table
X \ o N
M N \:\\
RN '
H \'_ N
S “\\\\\\\
AN \\ -
AR ARFE AR
- - - - - o - - —i — — — - .. - - - e Emma e mme s S e N - e— -
Periodic Table ' Periodic Table
@& | l P DY RN
| N ! :
NN
o | \\\\\\'\\\\Y\“
l:l{l:c §\ 0\ \\\\“ M
.
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! 14.3 (PUPIL MAY USE TABLE)

' In-the shaded &2 part of which Periodic Table drawing are some of
the heavy elements found?

' (B __Periodic Table C)  Periodic Table
e e

RS-
NRTTHns

. . B) Periodic Table D) __ Periodic Table
l !\ | \
\\\ \ XN
\ \\‘\‘ \s N \ ! \\ 3
L N [N \\\\\ N

W’W

14.4 (PUPIL MAY USE TABLE)

. What is the smallest number of total electrons that an atorn can have in
the shaded part 3« of the Periwodic Table in the drawing?

~~—

Periodic Table

1
2
EF NIIERIN SRR
4 1]
5
3
7
&

A} 3

B) 16

Gy

~ ‘D)6

ERIC
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14 5 (PUPIL MAY USE TABLE)

in the shaded part#& of which Periodic Table drawing would somgc aon-

metallic clements be found?

A) Periodic Table Cc) Periodic Table

D) Periodic Table

{l

14.6 (PUPIL MAY USE TABLES)

for a very light weight element that

Pretend you are a scientist looking
Which one of these would you choose?

Goes NCT easily form compounds.

, ® C) /\’\
. atomic no, 2 j atomic no. 11

&

\

B) atomic no. 1 D) atomic no. 17

ERIC . |
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14.7 (PUPIL MAY USE TABLES) ) *

-

‘ ) Pretend you are a scientist looking for an element that 1s very hikely to
form ccmpounds with either metals or non-metals. Which one of these
would you choose ?

A) B c)

atomic no. 8 atomic no. 10

B)

atomic no, 1 atomic no. §

ERIC
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APPENDIX F
Experimental Run: Number Correct Per Test
Item for Estimating Reliability.
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Experimental Run:

Appendix F, Table No. 1

283

Number Correct Per Test Item for Estimating Reliability?®

Item Designation

Item DJesignation

on Test Correct on Test No. Correct

1.1 111 10.1 95

2.1 88 11.1 65

3.1 96 11.2 93

3.2 56 11.3 48

5.1 77 11.4 101

5.1 78 11.5 89

5.2 95 11.6 104

5.3 64 11.7 94

6.1 100 11.8 100

6.2 61 12.1 $3 -

6.3 73 12.2 104

7.1 86 12.3 92

7.2 69 12.4 74

7.3 87 12.5 59

7.4 95 13.1 59 .

8.1 67 13.2 22

8.2 70 13.3 56

8.3 81 14.1 102

8.4 55 14.2 76

8.5 70 14.3 58

9.1 54 14.4 17

9.2 78 14.5 17

9.3 61 14.6 50

9.4 65 14.7 62
Sum = 3627

#These scores were taken from the post-instructional tests of

the 116 pupils of the experimental classes.

Additional data -

for estimating the coefficient of reliability for experimen-
tal and pilot classes are reported in Table XLIV.
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VITA

S.{amuel) Earvey Stelnberg was born in Syracuv. =, New York,
Pebruary 1, 1928. He is the only surviving chlld of

Bose I. Chadwlck Steinﬁers and Nathan Stelnberg. He ,

was educated in Syracuse public schools, graduating froz
Central Eigh in January 1946. During two' periods froz
1946 through 1951, he served a total of 33 months enlisted
in Ehe U> S. Yarine Corps. He entered Syracuse Unlversity
in 1948 and received a Bachelor of Science in Cozbined
Science degree‘in 1953. In 195% he recelved the Master

of Sclence in Science Education degree from Syracuse Unl-
verslty: From 1954 to 1956'he was chairman of the sclence
department at New Yorx i1lls, New York High School. In
1955 he was awarded a New York State War Service scholar-
ship and thereby continued advanced stqdies in sclence edu-
cation. Prom 1956 to 1961 he taught at Syracuse Central
Technical Eigh School and was chailrman of the acadenic
sclence department for three years. He was married to

the former Jean ¥arie Farrington on Cctober 10, 1959.
Since September 1961 he has been an assistank professor

at State University College, Cortland, New York.
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Permanent address: 948 Wolfe Hoad, R. D. #4
Cortland, New York 13045
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